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PHEF A C E. 



In bringing out a Text-book of Natural History, intended 
maiuljr for' the use of scbools, there are a few remarks which 
it may be as well to make by way of preface, if only to ex- 
plain the principles upon which the work has been written. 

In the first place, more Space has been devoted, compara- 
tively speaking, to the Invertebrate Animals than has usually 
been the case in introductory works, upon the belief that any 
practical Zoological work likely to be undertaken by young 
students will certainly be in connection with these rather 
than with the Vertebrate Animals. 

Secondly, the Author has devoted considerable space to a 
discussion of the principles of Zoological classification, be- 
lieving that it is of paramount importance that the student 
should have a clear idea of the principles upon -which the 
Animal Kingdom has been systematically divided. At the 
same time, the introductory portion of the work is more 
especially intended for the teacher; and there is much in it 
that the learner may perhaps hardly understand till he has 
arrived at some clear idea of Natural History as a whole. 

Thirdly, while the Author trusts that the style of the 
work will be found clear and intelligible, he does not believe 
in the existence of any royal road to learning in Natural 
History, any more than in any other department of human 
knowledge. If Natural History is ever to be taught in 
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Bchools, with any satisfaction to the teacher, or any profit to 
the learner, it must be taught as systematically and as un- 
flinchingly as Mathematics and Greek have been taught for 
many generations. The Author-is one of those who believe 
that the time is now approaching, if it be not already here, 
when the Natural Sciences will take their true place in school 
education, as second to no other branch of knowledge, either 
as regards their intrinsic value and interest, or regarded mere- 
ly as a means of developing the mental powers. Acting upon 
this belief, the Author has, therefore, treated his subject in a 
purely scientific spirit ; and, while avoiding as much as pos- 
sible the use of technicalities, he has not endeavored to lend 
his subject any false glitter or embellishment; firmly believ- 
ing that there is even a certain mental training involved in 
the recognition that a strictly scientific description is not 
without its own charms and beauties, WhDe the use of tech- 
nical terms has been as far as possible restricted, it is believed 
that an explanation of every unavoidable term will be found 
in the glossary, or is appended in the text. 

Lastly, the illustrations, with few exceptions, have been 
drawn on the wood by the Author, and he has thought it wise 
to wholly eschew the use of pictorial illustrations, as unneces- 
sary in a scientific work, however elementary it may be. 
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Z O O L O G T. 



INTRODUCTION. 

1. Definition of Biology and Zoology. 

All natural objecta may be rouglily divided into three 
groups constituting the so-called Mineral, Animal, and Vegeta- 
ble kingdoms. The objects comprised in the mineral kingdom 
are all devoid of life, and they exhibit the following characters : 
a. Their chemical composition is simple. They consist of 
either a single element, as is the case, for instance, with native 
gold ; or, if combined, they are almost always in nature in the 
form of simple compounds, composed of no more than two or 
three elements — as, for example, common salt, limestone, plas- 
ter of Paris, and many others. 5. Mineral bodies are, when 
unmised, composed of similar particles, which have no definite 
relations to one another, or, in other Tvords, they are homo- 
geneous, c. The form of mineral bodies is either altogether 
indefinite, when they are said to be " amorphous ; " or, if they 
hare a definite shape, they are crystalline, in which case they 
are usually bounded by plane surfaces and straight lines. (?. 
When mineral bodies increase in size, as crystals may do, the 
increase is produced simply by the addition of particles from 
the outside (technically called " accretion "). e. Mineral bodies 
exhibit no phenomena which are not purely physical and chem- 
ical, and they show no tendency to periodic changes of any 

All the bodies which exhibit these characteristics properly 
belong to the mineral kingdom, and fall to be treated of by the 
sciences of Geology, Mineralogy, Chemistry, and Physics. It 
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2 INTRODUCTION. 

should be borne in mind, however, that, in the case of what are 
called " fossils " or " petrifactions," we have mineral bodies 
which owe their existence and characters to living beings 
which existed at former periods in the history of the earth. 
For this reason, fossils, though composed of mineral matter, 
can hardly be said properly to belong to the mineral kingdom. 
On the other hand, the objects which belong to the animal 
and vegetable kingdoms differ from those which are comprised 
in the mineral Idngdom in the following points : a. They ai« 
composed of few chemical elements, of which carbon, hydro- 
gen, oxygen, and nitrogen, are the most important ; and these 
elements are combined to form complex organic compounds, 
which always contain a large proportion of water, are very un- 
stable, and are prone to spontaneous decomposition, b. They 
are composed of diverse or heterogeneous parts, which have 
usually more or less definite relations to one another. These 
heterogeneous but related parts are termed " organs," and the 
objects possessing them are said to be " organized." Some of 
the lowest forms of animals have bodies composed of so uni- 
form 3 substance that they cannot be said to be organized, as 
they exhibit no definite organji. This exception, however, does 
not affect the general value of tiiis distinction, c. They are 
always more or less definite in shape, presenting concave and 
convex surfaces,and being bounded bycurved lines, d. When 
they increase in size, or " grow," they do so, not by the addi- 
tion of particles from the outside, but by the reception of 
foreign matter into their interior and its assimilation there 
{technically called "intussusception"), e. They invariably 
pass through certain periodic changes in a, definite and dis- 
coverable order ; these changes constituting life. They are 
subject to the same physical and chemical laws as those which 
govern dead matter, but the living body is the seat of some- 
thing in virtue of which it can override tlie physical laws which 
enslave mere dead matter. The living body, so long as it is 
a living body, is the seat of energy, and can overcome the 
primary law of the inertia of matter. It has certain relations 
with the outer world other than the merely passive on^ of 
dead matter. However humble it may bo, and even if it be 
permanently rooted to one place, some part or other of every 
living body possesses the power of spontaneous and inde- 
pendent motion— a power possessed by nothing that is dead. 
In the higher animals the relations of fiie living body to dead 
nature become still further complicated, and their mastery 
over the physical forces becomes more and more pronounced. 



ibyGoogle 



IKTRODUCTIOS. 3 

till in maa, whose complex organization is wielded by an un- 
dying intelligence, we have a being in whose hands the dead 
matter of the universe is obedient as plastic wax. f. If our 
observation be continued for a sufficient length of time, we 
always discover that every living body has the power, by more 
or less complex process, of reproducing its like. That is to 
Bay, it has the power, directly or indirectly, of giving origin 
to minute germs, which can be developed under proper con- 
ditions into the likeness of the parent, g. Lastly, all living 
beings alike appear to be primitively composed of a substance 
whidi is more or less closely allied to albumen or white-of-egg, 
and which has been termed "protoplasm," Vital phenomena 
can apparently be manifested by no other form of matter, and 
protoplasm bears to life the same relation that a conductor 
does to the electric current. It is the necessary vehicle and 
medium through which life is brought into relation with the 
outer world. It does not, however, follow from this, as has 
been assumed, that protoplasmic matter holds any other or 
higher relation to life, or that vital phenomena are in any 
way an inherent property of the matter by which they are 
manifested. 

All the objects, then, which fulfil these conditions, are said 
to be alive ; and they all belong either to the animal or to the 
vegetable kingdom.* The study of living objects of all kinds, 
irrespective of which kingdom they belong to, is conveniently 
called by the general name of Siology (Gr. Mm, life ; and 
logos, discourse). As all Kying objects, however, may be re- 
ferred to one or other of these two kingdoms, so Biology may 
be divided into the two sciences of Botany, which treats of 
plants, and Zoology (Gr. zo&n, animal ; logos, discourse), which 
treats of animals. The term Natural History, again, is gen- 
erally understood nowadays as being equivalent to ZooIoct 
alone, though originally it was applied to the study of all 
natural objects indiscriminately. 

2, Differences eetween Animat.s and Piai;ts. 

It now becomes necessary to inquire into the differences 
which subsist between animals and plants, and which enable 
us to separate the kindred sciences of Zoology and Botany. It 
might have been thought that nothing could be easier than to 

» As nin he mentJonea Iniroodlatply, It has betn propOBcd I0 form an Inlermediste ting- 
dom l«tw6en the nolniid and veeetabla felniidomB ftir the reception of ornaniams nhich 
raUDOt certainly be stated to be ^tbet plants or animals. There does not appear, however, 
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determine the animal or vegetable nature of any given or- 
gaiiiam; and such, indeed, was the almost universal belief 
of older observers. In point of fact, however, no hard-and-fast 
line can be drawn, in the present state of our knowledge, be- 
tween the animal and vegetable kingdoms, and it is often a 
matter of extreme difficulty, or evert wholly impossible, to 
decide positively whether we are dealing with an animal or a 
plant. So deeply has this difficulty been felt of late, that a 
most able zoologists— Dr. Emat Haeekel — has proposed to 
form an intermediate kingdom, which he calls the Regnum 
Protisticwm, and in which he proposes to place all organisms 
of a doubtful character. Even such a cautious observer as 
Professor' EollestoQ, while questioning the propriety of this 
step, is forced to come to Uie conclusion that "there are or- 
ganisms which at one period of their life exhibit an aggregate 
of phenomena such as to justify us in speaking of them as ani- 
mals, while at another they appear to be as distinctly vege- 
table." In the case of the higher members of the two king- 
doms there is no difficulty in arriving at a decision. The 
higher animals are readily separated from the higher plants 
by the possession of a distinct nervous system, of locomotive 
power which can be voluntarily exercised, and of an internal 
cavity fitted for the reception and digestion of solid food. The 
higher plants, on the other hand, possess no nervous system or 
organs of sense, are incapable of voluntary changes of place, 
and are not provided with any definite internal cavity, their 
food being wholly fluid o 



The lower animals (Pro/osoa) cannot, however, be Bepamted in many 
caac3 from the lower plants iPi^tophi/la) by these diBtinctions, sinoe roanj 
of the former hare no digestire cavity, and are destitute of a nervous system, 
and many of the latter possess the power of active loeomotion. In determin- 
ing, therefore, Che nature of ibe&e ambiguous organisms, the folloiving are 
the chief points to be attended to : 

MrsU'j, as lo mere form or external configuration, no cerlain rules can 
be laid down for aepavatmg anunals and plants. Many of the lower plants, 
either in theu: earlier stages of existence or when grown up, are exactly 
sunilar in form to some of the lower animals. This is the case, for ex- 
ample, in some of the Algee, which closely resemble some of tlie Infusorian 
animalcules. Many undoubted animals, again, are rooted to solid objects 
in their adult state, and are so plant-like in appearance as to be always 
popularly regarded as vegetables. This is the case with many of the 
Bo-oalled hydroid zoophytes, such as the sea-firs, and also with the much 
more highly organized sea-mats {Fluttra), all of which are usually regarded 
as sea-weeds by seaside visiters. This is also, but less strikingly, the case 
with the corals and sea-anemoaes, of which the latter are often spoken of as 



Secondlij, no decided distinction can be drawn between animals and 
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liirdly, as r^arda chanical eompoaUion, there are s m ed 

not universal, differences between plants and animals. A g m 
Tnaj be stated that plants exhibit u decided predommaji 
knawD to chemists as " ternary eompaunds " — that is m un 

which, like sugar, starch, and cellulose, are composed o m 

carbon, hydrogen, and oiygen. They are, comparativ 
aupplied with " quaternary " compounds, which contain m 

nitrogen, in addition to the three first mentioned (e. g,, g <mmi 

Animals, On the other hand, are rich in quaternary nitr g niic 
such as albumen or fibrine. Still in both kii^doms to 

and non-nitrogenized compounds, and it is only in t 
these hear to one another in the organism that animals diff m an 
from plants. The most characteiietic of all vegetable compounds is the one 
known as cdlvlfae, very nearly allied in its chemical compoeitiou to ordinary 
starch. Aa a general rule it may be stated that the presence of an external 
envelope of oelluloBe in any organism raises a strong presumption aa to its 
vegetable nature. Still cellulose is not exchisively confined to plants, as 
was at one time beLeved. It is now well known that the outer covering 
of the so-called sea-squirts or Ascidian Uollusks cautains a lai^e quantity 
of cellulose (as mnch as 60 per cent ia some cases) ; and recent researches 
seem to prove that this substance is present also iu some of the lower forms 
of anknal life (coceosphercs). Another highly characteristic vegetable prod- 
uct is ehloTi^hyn, the green coloring<matter of plants. Any organism 
which exhibits chlorophyll In any quantity as a proper element of its tissues 
ia moat probably vegetable. In this case also, however, the presence of 
chlorophyll cannot be regarded as a certain test, since it occurs regularly in 
some undoubted animals (e. g., Slentor among the Infusoria, and the Hydra 
viridis, or green fresh-water polype, aniODg Hie Oceleiiierala), 

I^rtMy, as regards 1i>nomotiiie power, or the abiKty to eBect changes of 
place at will, the results of observation are singularly at variance with our 
preconceived notiona. Before the invention of £e microscope, no instances 
of independent voluntary movements were known in plants, if we eicept the 
voluntary opening and closure of flowers and their turning toward the sun, 
the drooping of the leaves of sensitive plants under irritation, and some 
other phenomena of a like nature. Now, however, we know of many plants 
which are endoned, either when young or throughout life, with the power 
of effecting voluntary movements apparently as spontaneous and independent 
as those exhibited by the lower animals. In some cases the movements are 
brought about by means of little vibratmg hairs or cilia with which a part 
or the whole of the sur^ce is furnished. In other cases tlie movements 
seem to be certainly not produced by cilia, but their exact cause is obscure 
(e. g., in the JHatomAKUs wADe»m.i£<B, two of the loner orders of plants, all 
of which are microscopic in size). When it is added that many animals are 
permanently fixed and rooted to solid objects iu Iheir fully^rown condition, 
it will be seen that no absolute distinction can be drawn between animals 
and plants merely on the ground of the presence or absence of independent 
locomotive power. 

JV/lWy, we have shortly to consider one of the most reliable of all the 
tests by which an animal may be separated ftom a plant — nunely, the wOart 
of Ike food, and ^e products which are formed out of the food within the 
body. 
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The differencoa between animals and plants in this respect may be roughly 
Staled as follows .- 

1. FluitB lire upon purely dead or inorganic substances, such as water, 
carbonic acid, and ammonia — and they have the power of making out of 
these true organic BubBtances, such as starch, cellulose, sugar, etc Plants, 
therefore, lake as food very simple bodies, and manufacture them into 
much more complex Bubstances, so liat plants are the great producers in 

'i. Plants in the process of digestion break up catbonie acid into the two 
elements of which it is composed — namely, carbon and oxygen, keeping the 
carbon and setting free the oxygen. As carbonic acid occurs always in the 
air in small quantities, the result of this is that plants remove carbonic acid 
from the atmosphere and give out oiygcn. 

S. Animals, on the other hand, have no power of living on dead or in- 
organic matters, such aB water, carbonic acid, and ammonia. They have no 
power of converting these into the complex organic substances of which 
their bodies ai* composed. On the contrary, animals require to be supplied 
with ready-made organic compounds if their existence is lo bo maintained. 
These they can only get in the first place from plants, and therefore ani- 
mals are all dependent upon plants for food either du'ectij or indirectly. 
Animals, therefore, differ from planU in requiring as food complex organic 
bodies which they ultimately reduce to very much simpler inorganic bodies. 
While plants, then, are the great manufacturers in nature, animals are the 
great consumers. Another distinction arising from the nature of their food 
is, that while plants decompose carbonic acid, keeping the carbon and getting 
free the oxygen, animols absorb oxygen and pve out carbonic acid, so that 
their reaction upon the atmosphere is the reverse of that of plants. 

As regards these general distmctions between plants and animals, there 
are three points which should be remembered : 

1. That, even if miiversally true, these distinctions can often not be ap- 
plied in practice to the ambiguous microscopic organisms about which alone 
any doubt can be entertained. 

2. These general laws are certainly not of universal application in the 
ease of plants. Some fungi are known which in the matter of food are ani- 
mals — that is to say, they cannot live upon inorganic materials alone, but 
require ready-made organic products for their support. 

S. Recent researches have rendered it not anlikely that some of the 
lower animals have the power of acting as plants, and of manufactuiing 
organic compounds out of inorganic materials. 

3. Classification. 

By the term classification is understood the arrangeKient 
of a number of dissimilar objects of any kind into larger or 
smaller groups according as tliey exhibit more or less likeness 
to one another. The number o£ different animals is so enor- 
mous that it was long ago perceived that some claesifieation 
of them, or method of arranging them into groups, was abso- 
lutely indispensable. Without some such arrangement it would 
have been utterly impossible to have ever acquired a clear 
notion of the animal kingdom as a whole. In the older 



ibyGoogle 



INTRODUCTION. 5 

an-aiigeineiits, animals were grouped in accordance with some 
particular cbanurter, which might or might not be a really 
essential one ; and the result was that these classifications 
were "artificial," and not "natural," as they are when a^f the 
characters are taken into consideration. To take a familiar 
example of this ; when we speak of " quadrupeds," we really 
do so in consequence of our having, consciously or uncon- 
sciously, formed something like a rough classification of the 
:mimal kingdom. We have a dim idea tliat all animals with 
four legs belong together somehow, and form a single group. 
Oar classification, however, is founded upon a single character 
only— -the possession, namely, of four legs ; and it is, there- 
fore, a purely artificial arrangement. It will, however, be 
practically good or bad, just as this single charaeter expresses 
a genuine and fundamental distinction, or is of a merely trivial 
and superficial nature. The instance here chosen will serve to 
illustrate either case. If we insist upon the fact that all the 
four legs must be externally visible, unmistakable legs, never 
fewer in number than four, then our classification is a very bad 
one, in fact entirely " artificial." In this case our group of 
"quadrupeds" will comprise only the ordinary four-legged 
mammals, such as oxen, sheep, horses, and such-like — together 
with the very dissimilar groups of the four-legged reptiles and 
amphibians, such as tortoises, lizards, crocodiles, froga, and 
newts. Now, these different animals have certainly much in 
common, but we are not justified in placing them together 
simply upon the ground that they have four conspicuous legs, 
unless wo are willing to put in a vast number of other animals 
as welL We must, in fact, put in a great number of animals 
which are not quadrupeds in the sense that they have four legs, 
but which agree with those that have four legs in the other 
fundamental and essential points of their structure. In this 
way we may arrive at a very genuine and natural classification 
by making some concessions. We must allow, for instance, 
that two of the legs or limbs, ceasing to be fit for walking, 
may be converted into organs of flight, or wings. This will 
let in the birds. We must allow, again, that all the limbs 
may be converted interns. This admits most of the fishes. 
We must further grant that two of the legs may be altogether 
absent while the remaining two are converted into ewimming- 
paddles. This will bring in the whales and dolphins. Lastly 
— and this is the greatest admission of aD — we must allow 
the total absence of all the limbs, provided the animal only 
show those other essential characters which are invariably 
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found to go along with the possession of four legs in the regu- 
lar quadrupeds. This will bring in the snakes and some of 
the fishes. So that, paradoxic^ as it may seem, it is in one 
sense scientifically correct to speak of a snake as a quadruped, 
though in reality it has no legs at all. In other words, there 
is no reason why a snake should not some day be found with 
four legs, and in point of fact some snakes show rudiments of 
these appendages. Making these allowances, and some more 
of a similar nature, we may iJtimately succeed in converting 
our division of Quadrupeds into a strictly scientific group, 
comprising the Mammals, the Birds, the Reptiles, the Amphi- 
bia, and the Fishes. In fact, our group of Quadrupeds now 
agrees exactly with the great and natural division of the Ver- 
lehrata or vertebrate animals. It is true that ^l vertebrate 
animals have not got four limbs, or not obviously so, but they 
never have more than four under any circumstances ; and a 
closer examination soon shows us that they agree with one 
another in many other characters v^hich are of much greater 
importance than the characters of the limbs alone. 

We have arrived, then, at the grand principle of ail good 
classification — namely, that we should group together those 
objects only which are united by essentia] and fundamental 
points of similarity, and that in so doing we should ignore all 
mere superficial resemblances. The question now arises, 
What arc these essential and fundamental points in the case 
of animals ? 

If for the moment we look at animals simply as so many 
machines, we shall not find much diificulty in answering this 
question. Let us suppose ourselves placed in a gigantic 
workshop full of an immense number of complicated and curi- 
ously-constructed machines of different sorts, and asked to put 
them in order — to put those of one kind in one place, and 
those of another kind in a different place. How should we 
proceed to act ? Supposing, in the first place, that all the 
machines were at a stand-still, all that could be done would 
be to examine carefully the external form and internal structr 
ure of each, and to do our best to pick out some peculiarity 
which would distinguish some from all the others. In this 
way, if our mechanical knowledge were sufficiently extensive, 
we should no doubt ultimately succeed in classing all our ma- 
chines into something like a rough natural arrangement. We 
should, for instance, have those made on the principle of the 
lever in one place, those on the principle of the inclined plane 
in another, and those on the principle of the pulley in a third. 
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Still our classification would most certainly be imperfect, and 
in Bonje cases altogether incorrect. lu some instances the 
I)arts of the machine would be so complex as to be utterly in- 
comprehensible, and in many cases our ignorance of what 
each was intended to effect would be an insuperable bax to 
our arriving at any arrangement. Suppose now, however, 
that all the machines were suddenly set in motion, so that we 
could see not only the manner in which they were constructed 
and the materials of which they were composed, but could 
also see what they could do — could see, in fact, for what worf 
ench is intended. The task of arrangement now becomes im- 
m ens el V easier. Our previous classification, founded simply 
upon the structure of the machines, is now supplemented and 
rectilicd by our knowledge of what each is able to effect. 
One machine is found performing one set of actions, another a 
clifferent set; and in this way not only is our classification 
rendered much easier, but we now get an insight into the 
meaning and nature of many points of structure which were 
formerly obscure. 

To make this illustration fully meet tlie case of the natu- 
ralist who deals with Kving beings only, we have simply to 
suppose that the machines to be examined are reasonably per- 
fect in their parts and fit for work, and that our imaginary 
workshop is supplied with a reasonable amount of light, not 
very brilliant, perhaps, and striking upon some objects more 
sharply than on others, but stUl upon the whole moderately 
steady and uniform. Far worse, however, is the case of the 
naturalist who has to deal with the remains of extinct gen- 
erations of animals and plants, whose work lies among those 
relics of a by-gone world which are known as " fossils " or 
"petrifactions" — objects in many cases more wonderful and 
more perplexing and more beautiful than the most ornate and 
elaborate productions of human skill. In his case the work- 
shop is a vast and gloomy vault or charnel-house, with no in- 
ternal source of light, and but fitfully illuminated by uncer- 
tain gleams from the world without^ And what is worse than 
this, his machines are mutilated and defaced, in many cases 
wanting their most important parts, in all cases destitute of 
life and motion, and usually very unlike any thing visible at 
the present day. Nevertheless it is almost incredible with 
what certainty and precision a mere fragment of a fossil, a 
single tooth or bone, can be referred by a skilled worker in 
this field of science to its proper place in the animal kingdom 
—with what exactitude the missing parts can be restored — 
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and what splendid generalizations can be drawn from what at 
first sight would appear to be the most fragnientarj evidence. 

This imaginary illustration exactly expresses the points 
which are to be regarded as essential and fundamental in clas- 
sifying and arranging animals. We have to look, namely, 
firstly, to the plan upon which eaeh animal is constructed ; 
secondly, to the manner in which it discharges its vital func- 
tions. These are the two points of view from which every 
organism may be regarded — in their nature quite distinct, and 
indeed sometimes apparently opposite. From the one point 
of view we have to look solely to the laws, form, and arrange- 
ment of the structures of the organism. This constitutes what 
is technically called "Morphology," or the science of form 
(from the Greek words, morph&, form ; and loffos, a discourse). 
From the second point of view, we are concerned simply with 
ihe /unctions discharged by the different parts of the organ- 
ism, and this constitutes what is known as " Physiolc^y." It 
is most important to remember that there are no other points 
in which it is possible for one animal to differ from another. 
If two animals are different, they mvsi differ in one or other 
or in both of those points. Either they differ morpholoffioally, 
in being constructed upon altogether different plans; or they 
differ physiologicall}/, in performing a different amount of 
vital work in a different manner, and with different instru- 
ments ; or they differ both morphologically and physiologi- 
cally. Philosophical classification, therefore, insomuch as it 
depends entirely upon a due appreciation of what are the 
real differences between different animals, is nothing more 
than an attempt to express formally the facts and laws of Mor- 
phology and Physiology, 

Examining nest into the nature and extent of the morpho- 
logical or structural differences between different animals, we 
find that these are much less and much fewer than might have 
been thought. By one not previously acquainted with the 
subject, it might readily be supposed that every bind of ani- 
mal was constructed upon a type or plan peculiar to itself and 
not shared by any other. We should certainly suppose, for 
example, that animals so different as a lobster and a butterfly 
were buUt upon different types or plans of structure. When 
we come, however, to examine the question, we find that this 
is not the case. The lobster and the butterfly are constructed 
upon the same structural plan or morphological type. What 
is still more remarkable, we find that aU known animals, in 
spite of their immense differences in external appearance, are 
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really constructed upon no more than some half-dozen primary 
plans of structure or morphological types. These types are 
all different from one another, but there is no animal yet 
known to us, living or extinct, which cannot be referred to 
one or other of these six plans. These plans, then, give us the 
primary basis for a classification of the animal kingdom — all 
the animals formed upon one plan being grouped together bo 
as to form a single division. The animal kingdom, Bierefore, 
is primarUy divided into six great sections corresponding to 
the six morphological types, and these sections are known to 
naturalists under the name of the " sub-kingdoms." Each of 
these sub-kingdoms has its special name, and it is the object 
of the present work to describe the leading characters and 
more important examples of each. 

We have to understand, then, that all the animals belong- 
ing to each sub-kingdom agree with one another in their mor- 
phological type, or, in other words, in the plan upon which 
they are constructed ; and the question now arises how they 
can be separated from each other. If they agree morphologi- 
cally, there is only one other way in which they can differ, 
and that \& pkysiologicaily, in the manner in which they dis- 
charge their vital functions. Consequently, all animals which 
agree with one another in their plan of structure, and which 
are therefore placed in the same sub-kingdom, are separated 
from one another solely by their physiological perfection. In 
other words, as machines, they are constructed of the same 
fundamental parts, but they do their work in a difl'erent way 
and with different instruments. 

Eeturning to our old illustration, suppose we had sepa- 
rated irom the mass of machines before us all those which 
were intended to mark the lapse of time, and had in this way 
assembled a large collection of hour-glasses, watehes, time- 
pieces, and clocks, and suppose that we wanted to arrange 
these more minutely, we should soon discover that each of 
these different time-keepers was formed upon a principle pe- 
culiar to itself. The hour-glasses, as the most simple, would 
form one division ; the timepieces and clocks, possessing pen- 
dulums, would form another ; and the watches would form a 
third. These, as being constructed upon different plans, would 
constitute three distinct groups, which we should call classes 
or sub-kingdoms according to the value we might see fit to 
place upon the differences between them. But we must fur^ 
ther suppose that we wished to divide one of these groups — 
say the watches — into still smaller groups. If they were al! 
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standing, we should probably find this a matter of very great 
difficulty. Tlie moment, however, that they commenced to 
go — or, in other words, to perform their own peculiar func- 
tion — we should soon see that some would be different to 
the others. Some, for instance, would strike the hours, and 
these would have to be laid aside in a group by themselves. 
And we should further discover that, in accordance with the 
difference in the yK«c(ion, there would be an equivalent dit- 
ference in the strticture, of these two groups. The striking 
watches would be formed upon the same fundamental type as 
those which did not strike ; but, in addition to the broad and 
general details of structure in which all were the same, the 
striking watches would have a special apparatus or structure 
fitted for striking the hours. The non-striking watches would 
be destitute of this apparatus, so that the physiological or 
functional difference between the two groups would thus en- 
tail a corresponding difference in structure. 

It is just the same with animals. If we take a lobster, a 
butterfly, a scorpion, and a spider, we find that, dissimilar as 
they are in external appearance, they are all constructed upon 
the same fundamental plan. They agree in morphological 
type, and they belong to the same sub-kingdom. They lead 
different lives, however — they are placed under different con- 
ditions — and they discharge different functions in the general 
economy of Nature, "niey differ, therefore, physiologically ; 
and, as every physiological difference implies a corresponding 
structural difference, they differ structurally aa well. But 
they differ structurally only because they differ physiologi- 
cally, and in all the really essential details of their structure 
they are the same. The lobster is aquatic in its habits, and 
has therefore gills, or organs adapted for breathing air dis- 
solved in water. ITie butterfly is agrial, and has respiratory 
organs adapted for breathing air directly, and not through the 
medium of water. They differ, then, physiologically, and 
therefore, necessarily, in the corresponding structure. Both, 
however, have distinct organs set apart and dedicated to the 
ftinction of respiration. iTiis is an essential and iundamental 
point in their structure, and in this they both agree with one 
another, and differ from a large number of animals in which 
there are no distinct breathing-organs. It is only by the com- 
bined effect of a number of these physiological differences, 
taken collectively, that the lobster and the butterfly come ulti- 
mately to be so strikingly distinct from one another 

It is now possible to comprehend fully the principles upon 
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which a naturalist proceeds in framing a classification of the 
animal kingdom. His great primary divisions are founded up- 
on differences in the smaller and fundamental details of struct- 
ure. His smaller divisions are based upon the less important 
physiological differences with tbeir corresponding structural 
distinctions. Of course, in carrying out this programme of a 
truly philosophical and natural classification, the naturalist 
works to a great extent in the dark, and is liable to many 
sources of error. It is by no means always easy to deter- 
mine what points of structure are essential and fundamental, 
and what are only caused by physiological differences. Such, 
too, is the constatntiou of the human mind, that difierent ob- 
servers place different values upon the same structures ; points 
which some look upon as of essential value are regarded by 
others as of a merely superficial nature. Neverthdess there 
can be no doubt that the progress of Natural History as a 
science has been strictly conterminous with the development 
of these great principles of classification. 

In the present work an outline is given of the morpho- 
logical differences between all the larger groups of the animal 
kingdom, but it may be as well here to say a few words upon 
the subject of Physiology. As already remarked. Physiology 
treats of all the functions exercised by living bodies, or dis- 
charged by the various definite parts or organs of which most 
animals are composed, AH these various functions come un- 
der three great heads ; 1. .^ncfe'tfws o^JVM(rj(j'o», comprising 
all those fuoetions by means of which an animal is able to live, 
grow, and maintain its existence as an individual. 2. Func- 
tions of R^>rodtiction, comprising all the functions by which 
fresh individuals are produced and the perpetuation of the 
species insured. 3. A series of functions which are known 
by the somewhat misleading name of the Menctions of Mdor 
tion or of Correlation. Under this term are included all those 
functions by means of which external objects are brought into 
relation with the organism, and by which it, in turn, reacts 
upon the outer world. The functions of nutrition and repro- 
duction are often spoken of collectively as the functions of 
" organic " or '' vegetative " life, as being common to animals 
and plants alike. The functions of relation, again, are often 
called the functions of " animal " life, as being most highly 
developed in animals. These functions, however, though more 
highly characteristic of animals, are not peculiar to them, hu'' 
are manifested to a greater or less extent by various plants. 

As regards animals, all alike, whatever their structure may 
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be, perform the three great physiological functions — that is to 
say, theyall nourish themselves, reproduce their like, dire«!tly or 
indirectly, and have certain relations with the external world. 
When we come, however, to compare animals together physio- 
logically, it is soon seen that the functions ofrektion stand in 
quite a different position to that occupied by the functions of 
nutrition and reproduction. As far as these last are con- 
cernedj there can be no difference iri the amount or perfection 
of the function discharged by the organism. The simplest 
and most degraded of animals — say a sponge — nourishes it- 
self as perfectly, as far as the result to itself is concerned, as 
does the highest of animals. Nutrition can do no more than 
maintain the body of any animal in a healthy and vigorous 
condition. This is the highest possible perfection of the func- 
tion, and it is attained as fuUy and perfectly by the sponge as 
it is by man himself. The same holds good of reproduction. 
While the functions of nutrition and reproduction are thus, as 
regards their essence and results, the same in all animals, it 
must be remembered that there are enormous differences in 
the manner in which the functions are discharged. The result 
attained is in all cases the same, but it may be arrived at in 
the most different ways and with the most different apparatus. 
As regards the functions of relation, on the other hand, wo 
have every possible grade of perfection exhibited as we as- 
cend from the lowest members of the animal kingdom to the 
highest. So numerous, in fact, are the changes in these func- 
tions, and so great the additions which are made in the higher 
organisms, that it may be doubted if there exists any common 
element by which a comparison can be drawn on this head be- 
tween the higher and lower animals. It may reasonably be 
doubted whether in this respect a" horse or a dog has any 
thing in common with a sponge. 

Instead of giving here a general sketch of each of the great 
physiological functions as a whole, it may be as well to accom- 
pany the morphological account of each primary division of 
animals with a short account of the manner in which the vital 
functions are carried out in the same. In tliis way a clearer 
view will be obtained of the gradual rise in physiological per- 
fection in passing from the bottom to the summit of the ani- 
mal series. 

Homology and Analogy. — In connection with the mor- 
phological and physiological differences between animals, a 
short explanation may be given of the meaning of the terms 
Homology and Analogy, which are in constant use in zoologi- 
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oal works. When organs in different animals agree with one 
another in their plan of structure, they are said to be " liomolo- 
gOTis," iiomatterwhat maybe the functions which they perform. 
For example, the arm of a man, the fore-leg of a horse, the wing 
of a bird, and the swimming-paddle of a dolphin or whale, are 
a!l composed essentially of the same structural elements, and 
they are therefore said to be homologous, ihough they are 
fitted for altogether different functions. 

On the other hand, when organs in- different animals per- 
form the same functions, they are said to be " analogous," 
whatever their fundamental structure may be. Thus the 
iving of a bat, the wing of a bird, and the wing of an insect, 
all serve for flight, and they are therefore " analogous " organs. 
They are all, however, constructed upon different plans, and 
they are, therefore, not " homologous." At the same time, 
however, it is to be remembered that there are plenty of cases 
in which organs in different animals are not only constructed 
upon the same plan, but also perform the same function, so 
that they are both homologous and analogous. 

Gekeeal Divisions of the Animal Kingdom. 

As already stated, the entire animal kingdom may be di- 
vided into some half-dozen primaiy plans of structure or mor- 
phological types, to one or other of which every known animal 
is referable. These primary types are known to naturalists as 
thesMJ-&i«g<?-o/na, under the following names : Protozoa, Coe- 
lenterata, Annidoida, Annulosa, MoUxisca, and Yertehrata. The 
characters and minor subdivisions of these sub-kingdoms form 
the subject of the remainder of this work. In the mean while, 
it is sufficient to state that the first five of these are often 
grouped together under the collective name of the Inverte- 
brata, or "invertebrate animals." The ^rer/eftm/a, compris- 
ing the IVotozoa, Gcdenierata, Annvloida, Annulosa, and 
JioUueca, are collectively distinguished by the following 
points among others : The body, if divided transversely, or 
cut in two, shows only a single tube containing all the vJlal 
organs (Fig. 1, A). These organs, in the higher Invertebraia, 
consist of an alimentary or digestive cavity, a circulatory or 
"hffimal" system, and a nervous or "neural" system. The 
side of the body on which the "hfemal" or blood-vasculat 
system is placed is called the " haemal aspect ; '' while the side 
of the body on which the main masses of the nervous system 
are situated is called the "neural aspect," When there is 
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any skeleton, this is external (forming an " exo-skoleton "), 
and it is really nothing more tban a Lardening of the sldn. 
The limbs, when present, are turned toward the neural aspect 
of the body. 

In the Vertebrafa, on the other hand, the body, if trans- 
versely divided, exhibits two tubes. In one {Fig. 1, B) is placed 
the main mass of the nervous system (the brain and spinal 





Flo. l^-IMaRnirnsropt5!«iUne transveree neettonsof one of UBlieher InTert*br»t«, A— 
and «ia of «ie Valebnila, B. a Wail of Ihe body: * AHmenUuy cansl ; n Ilwtml « 
blood-vascular svatem ; n Nervona Bt-stem ; «' Cerebro-sulniJ avis, or hnrtn aoA spinal 

cord). In the other tube are the alimentary canal, the h:emal 
or blood-vascular system, and certain other portions of the 
nervous system, which are known as the " sympathetic " sys- 
tem of nerves, and which correspond to, or are homologous 
with, the entire nervous system of the Invertebrata. Further, 
in the Vertefrrata there is always an internal skeleton (or 
endo-skeleton), the central stem of which is usually consti- 
tuted by a true backbone or " vertebral column." When this is 
not present, there is always a structure which will be after- 
ward described as the " noto-chord " or " chorda dorsalis." 
Lastly, the limbs of the Yert^ata, when present, are never 
more than four in number, and they are always turned away 
from the neural aspect of the body — away, that is, from the 
side on which the main masses of the nervous system are 
placed. 

Subjoined is a short tabular view of the main existing 
divisions of the Animal Kingdom, the cbaraeters and smaller 
divisions of which wilt be considered hereafter at length ; 
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INVEETEBRATE ANIMALS. 
SUB-KI!fOD0M 1.— PROTOZOA. 
Animal simple oc forming colonies, usually very minute ; the body com- 
posed of the structureless, jelly-like, albuminous substance called "Barcode; " 
[;ol divided into regular segments; having no nervous system; no regular 
circulatory aystfim ; usaally DO mouth ; no definite body-cavity, or at moat 
but a short gullet. 

Class A. Gbboabibid* — Mmute Protozoa which inhabit the interior of 
insects and other animals, and which have not the power of throwiug out 
prolongations of their substance (pseudopodia). No mouth. 

Class B. Raizoponi (Root-looted Protozoa). — Protozoa which arc 
simple or compound, and have the power of throwing out and retracting pro- 
loHgationa of Ihe body-substance (the so-called "pseudopodia"). No mouth, 
inmost, if not mail 

Order 1, Mortera. — Er. Protogeties. 
Order 2. Amiebea, — Ex. Proteus Animalcule (Arndeba). 
Order 3. Eoraminifera. — Ec Lagena, Nodosaria, Globigerma, 
Order 4, Sadu^rja. — Ex. Thalassicolla, Polycyatma. 
Order 6. Spmffida.—Ez. Fresh-water Sponge (Spongilla), Venus's 
Flower-Basket (Euplectella). 
Clabs 0. Inpdsokia (Infiisorian Ajiimalcules). — Protozoa with a mouth 
and short gullet ; destitute of the power of emitting pseudopodia; furnished 
with vibratile cilia or contractile GUmenta ; the body usually composed of 
three distinct layers. 

Order 1. VUiata. — Ex. Bell-animalcule (Vorticella), Paramecium. 
Order 2. FlageUala. — &. Peranema. 
Order 3. Sadoria. — Ex. Podophyra. 

STIB-SISSDOU Jl.-C<ELSSTERATA. 
Animals whose alimentary canal eommnnioates freely with the general 
cavity of the body ; body composed essentially of two layers or membranes, 
an outer layer or " ectoderm," and an inner layer or " endodenn." No dv- 
culatory system or heart, and in most no nervous system. Skin furnished 
with minute stinging organs or " thread-cells." Distinct reproductive oigaoa 

Class A. Htdrozoa. — Walls of the digestive sac not separated from 
those of the general body-cavity, the two coinciding with one another. Ee- 
productive organs external. 
Sub-class I. IlYimoiDA (Hydroid Zoophytes). 

Order 1. Hgdroida. — Et. Fresh.water Polype (Hydra). 
Order 2. (Joryaida. — Ex. Pipe-cotalUne (Tobularia). 
Order 8. Sertularida. — Ec Sea-firs (Sertularia), 
Sub-class II, SiPHONOPHORA (Oceanic Hydrozoa). 
Order i. Calyeophoridee. — Ex. Diphyea. 

Order 6. Fhi/so^oridiB. — Ex. Portuguese Man-of-War {PhyBali;i). 
SuB-class III, Discoraotu. (Jelly-flsh). 

Order 6. Medimda. — Ex. Traohynema. 
Cab-class IV. LccEENABina (Sea-blubbers). 
Order 7. Lucemariadie. — Mc. Lucemarla. 
Order 8. Pflagida.-^Ex. Pelagia. 
Order 9. Rh^oslomida. — Ex. Rhizostoma. 
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Sub-claas V. GBAPTOi-iTiDa; (extinct). 
Class B. Actinozoa. — Stomach openmg below Into the boiSy-cuvity, 
which ia divided into a number of compartments by a aeiiea of yertieal 
partitions or "mesenteries." Keptoduotire organs internal. 

Order 1. Zoantharia. — Teolocles simply rounded,inniu1tiples ofUve 
or eii. — Ex. Sea-Anemones (Actinidx), Star-corais 
(Astrieidffi), Brmn-corala (Meaniirina), Madrepores (Ua- 
drcporidie). 
Order 2. Ahymiaria. — Tentacles fringed, in mnltiples of four. — Bk. 
Uead-man'S'loes (Atcjonium), Organ-pipe Coral (Tubi- 
pora), Sea-rods (Virgularia), Sea-pens (PeDnatula), Bed 
Coroi (CoraUium). 
Order 3. Rugtaa (eitinct). 

Order 4. Citmipluira. — Animal oceanic, swimming by means of 
bands of cilia or " ctenopliorcs." — -lijs. Fleurotirafhiu, 
Venna'a Girdle (Cestum), 

SUB-EISGBOM IIL—AWSULOIDA. 

Animals in which the alimenturj canal is completely shut off from llie 
general cavity of the body, and in which there is a distinct oervoua system. 
A true blood-circulatory system may or may not be present. In ail there is 
a peculiar system of canals, which usually communicate with the exterior, 
and which constitute what is called the " water-vascular system." The body 
of the adult is never composed of a succession of deliuite rings, or provided 
with successive pairs of appendagea disposed symmetrically on the two sides 
of the body. 

The Annuloida are divided into two great classes: 

A. EoaiMODERUATA. — Integument composed of numerous calcareous plates 
jointed ti^etber, or leathery and having grains, spines, or tubecdes of cal- 
careous matter developed in it. Water-vascular system (ambuiacral system) 
mostly employed in locomotion, and generally communicating with the ex- 
terior. Adnlt generally more or less statlike or " radiate " in shape ; young 
mostly sliowing more or leas complete " bilateral symmetry," Uiat is, show- 
ing similar parts on the two sides of the body. Nervous system radiate- 
Order 1. Ontioidea. — (Sea-lilies). — Mx. Feather-star (Comatula). 

Uedusa-head Crinoid (Fentacriuua), Slone-lily (Encri- 

Order 2. BlastoifUa (extinct). 
Order 3. Cgitoidea (eiUnct), 
Order 4. (^Uurotdea (Brittle-stars).— jEc Sand-stars (Ophiurs), 

Brittle-stars (Ophiocoma). 
Order B. Aakroidea (Star.fishes).— .Ec. Cross-fisb (Urflster), Snn- 

star (Solast«r), Cuahion-star (Goniaster). 
Order 6. Echinotdm (Sea-urchins).— £c. Sea-eggs- (Echinus), Heart- 

urchins (Spatangus). 
Order 1. Holothurfndea (Sea-cucumbers). — Ex. Tiepongs (Holc- 

thuria). 

B. ScoLKCiDA. — Body usually flattened, or cylindrical and worm-lilt*; in- 
tegument soft, without lime, Water-vaacular system not assisting in loco- 
motion. Nervous system consisting of one or two ganglia or little masses, 
and not disposed in a radiate manner. 

Order I. Tieiiiada.~M. Tape-worm (T^nia). 

Order 2. Trcmatoda (Suctorial worms).— i!f. Liver-fluke (Distoma). 
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Order 3. TiirMtaria.~&. Planarians (Flanaria), Ribbon-worms 

(Nemertes). 
Order 4. AcanthoeephMa (Thorn-headed ironns). — Sx. Eohino- 

rbyncbus. 
Order B. GorditKea {Hair-worms). — £k. Gordius. 
Order 6. Jieraaloda (Tkread-woniis).— .Se. Round-worm (Ascaris), 

Gubea-worm (Filaria), Vinegar-eel (Anguillula). 
Order 7. Hoiifera (Wheel-animalcules). — Ez. Builder-auimalcule 

(Melicerta), Fleiible Creeper (Notommata). 

BUB-KI^QJ>OM IT^ASNULOaA. 

Animal composed of numerous definite segmenta or " Bomites," arranged 
iongitudicallj, one behind the other. Nervous system always present, con- 
sisting of a double chidn of nervous masses, or ganglia, which are placed along 
the lower surface of the body, and form a collar around the gullet. Limbs 
(when present) turned toward that side of the bodj on whieh the aaia 
masses of the nerrous Bjrstem are situated. 

Division A. ANAaTHROPOiiA, — Locomotive appendages, when present, 
not distinctly jointed or articulated to the body. 

Class I. Gefhyrea. — I^ Spoon-worms (Sipuncnlus). 
Class II. Annelida (Kinged- worms). 

Order I. Mrudinea. — Ex. Leeches (Sanguisuga, Hlrudo). 

Order 2. OUgMhtEta. — Ex. Elarth-wormslLumbrieusj, Water-worma 

(Nais). 
Order 8. Tu,himta.—M. Tube-worms (Serpnia). 
Order 4. ErranHa. — Ex. Sand-worms and Sea-ccntipede3 (Nereis), 
Lob-worm (.Arcuicola), Sea-moose (Aphr<>dite). 
Class IIL CH.aT0ONAtSA (Arrow-worms). — Ec Bagitfa. 
Division B. Arthhofoda.— Locomotive appendages jointed or articu- 
lated to the body. 

ClASS L Crosi ACE A.-^Kesp [ration aquatic, mostly by gills. Two pairs 
of antennse. Limbs more than four pairs in number, carried upon the tho- 
rax, and genetfllly the abdomen also. " 

Order 1. EMiocepkala. — Ek. Peltogaster. 

Order 2. IchlhiiopMhiTa. — Ec. Lemsea. 

Order 3. Cirripedia. — Mc Barnacles (Lepas), Acom-Bheils (Bala- 

Order 4. Oslracoda. — Er^ Water-fleas (Cypris). 

Order fi. Cn/iepoda. — Ex. Cyclops. 

Order 6. Cl(idoeera.—Ex. Branehed-homed Water-fleas (Daph- 

Order 7. Phyllopoda. — Ek. Brine-shrirap (Artemia). 

Order 8. Trilobita (estinct). 

Order 9, Merostometa. — Ex. King-crabs (Limulus). 

Order 10, Lcenwdipoda. — Ex. Whale-louse (Cyamiis). 

Order 11. ,' ' "—.-."■ ^ ~ ' 
2. _„.^,„^__.. - 
Shrimp (Gan 

Order 18. SlomapMla. — Ex. Locost-shrunp (Squilla). 

Order 14. Decapoda. — Ek. Lobster (Homarus), Cray-fish (Astacus), 
Shrimps (Crangon); Hermit-crabs (Pogurus); Crabs 
(Cancer, Carcinus), Land-crabs (Gecarcinus). 
Class II. Abacipsida. — fiespiration aerial, by pulmonary chambers or 
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Order 1. Chdopoda, — Jix. Centipodea (Stolopendra). 
Order 2. Cbilog»alha.—Eii. Millipedes (lalus). 
Order 8. Fauropoda. — Et. Pauropua. 
Class IV, iHSBOrA. — EeBpiration ascial, by trachea?. Head, thorax, and 
abdomen distinct. One pair of antennie. Three pairs of legs, and gen- 
erally two pairs of wings on the thorn. No locomotive Umbs on the 
abdomen. 

Order 1. Anoplura, — Er, Lice (Pediculus), 

Order a, Mallo^offa (Bird-lice). 

Order 3. Thyianura (Springtails.) 

Order 4. Hemiplera.—Ex. Plant-Uee (Aphides), Field-bug (Peota. 

toma), Cochhieal Inseela (Coccus). 
Order B. Orlho^era. — J4. Locusts (Acrjdium), GrasB-hoppers 

(GryUus), Cricliets (Achetina), Cockroach (Blatta). 
Order 6. Near^leTa.—Mx. White Ants (Termes), Dragon-aiea 

(Libellulidie), Maj-flies (Epbemerid^). 
Order 1. ApltamjAera. — Ex. Fleas (Pules). 
Order 8, Iliplera.—Ex. Gnajfl (Culei), Crane-flies (Tipula), House- 

flies and Flesh-flies (Musca). 
Order 9. lepidoplera (Bntterfliea and MotbsV 
Order 10. Hymenoplera. — Et. Bees (Apid^i Humble-bees (Bom- 
bidfej. Wasps (Vespidai), Ants (Formicida!), Saw-flJea 
(TenthrcdinidiE). 
Order II. Slrepiiptera. — Ec Stjiopa. 
Order 12. 0)%ifcra (Beetles). 

StrB-KIJfGDOM Y.—MOLLJmCA. 

Animal soft-bodied, generally ititt a hard covering or shell Nervous 
system consisting of a single ganglion or of scattered pairs of ganglia. A 
distinct heart and breathing-organ, or neither. 

The Mollusoa may be divided into the two following primary divisions ; 
containing the followio); classes : 

A. MoiLtrscomA. — Kerroua system consisting of a single ganglion or of 
a piincipal pair of ganglia. No heart, or an imperfect one. 

Class I. Polyzoa. — Animal always forming eompoanJ growths or colo- 
nies. No heart. The mouth of each looid surrounded by 
a circle or crescent of ciliated tentacles. — Ei. Sea-mats 
(Flustra), Laoe-coca! (Feneatella). 
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Cuss II, TONioATi. — Animal simple or compolmd, enclo.'Jod in a leathery 
or griEtlj case. An impcrfeuC heart. — Et. Sea-aquirts 
(Ascidia). 

Class IIL Beachiopooa. — Animal always simple ; the body enclosed in 
a bivalve shell. Mouth furnished with two long fringed 
processes or "arms." — Et. Lamp-shells (Terebratola). 

B. MoLLuscA Proper.— Nervous system consisting of three principal 
pairs of ganglia. Heart well developed, consisting of at least two chambers. 

Class lY. Lauellibranchi AT A (Bivalve ^hell-tisb)'. — No distinct head; 
no teeth. Body enclosed in a shell which is " bivalve," or 
composed of two distinct pieces. One or two leaf-like gills 
on each side of the body. — Sc Oyster (Oatreft), Scallop 
(Pecten), Mussel (Mytiloe). 

Class V, Gasteropoqa. — A distinct head and toothed tongue. Shell 
absent in some, but mostly present, and consisting of a single 
piece (" univalve "). Locomotion effected by creeping about 
on the flattened under surface of the body (" foot "), or by 
swimming by means of a Gn-like modification of the same. — 
Et. Whelks (Buccinum), Limpets (Patella), Sea-lemons 
(Doris), Land-snails (Helii^ Slugs (Umax). 

Class VL Ptbrofoba. — Animal oceanic, swimming by means of two 
wing-like appendages, one on each side of tbe head. Size 
minute. — Mt. Cleodora. 

Class VIL CErnALOronA. — Animal with eight or more arms, placed in a 
circle round the mouth. Month armed with jaws, and a 
toothed tongue. Two or four plume-like gills. In front of 
the body, a muscular tube (" funnel ") through which is ex- 
pelled the water which has been used in respiration. An 
external shell in some, an internal skeleton In others. — Er, 
Calamariea (Loligo), Cuttle-fishes or Poulpea (Octopus), 
Paper-Nautilus (Argonauta), Pearly Nautilus (Nautilns). 

VEETEBEATE ANIMALS. 

SUS-KINGDOM YJ.— YERTEISRATA, 

Body composed of a number of definite segments arranged longitudinally 
or one behind the other. The main masses of the nervous system are placed 
on the dorsal aspect of the body, and are completely shut off from the gen- 
eral body-cavity. The limbs (when present) are turned away from that side 
of the body on which the main nervous masses are situated, and ai'e never 
more than four in namber. In most cases, a backbone, or "vertebral 
column," is present in the fully-grown animal. 

Class I. Pisces (Fishes). — Breathing-oi^ns in the form of gills; hean 
usually of two chambers, rarely of tliree; blood cold; limbs, when prcaenl, 
converted into fins. 

Order 1. PIiarpitriAranchii. — Ex. Laneelet (Amphiosns). 

Order 2. Martipabranckii. — Ex. Lamproy {Fetromyztm), Hng-fish 

{Myxine). 
Order 3. Tcienatd (Bony Fishes).— Jk Eels (Muramidw), Herrings 
(Clupeidfe), Salmon and Tront (Salmonid^), Cod and 
Haddock (Gadidte), ITat-flshes (PleuroneetidEe), Pereh 
(PcrcidiD), Mackerel (Scomberid*). 
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Order 4. Ganoidei. — Ex. Bony Pike (Lepidosteus), Paddle -fish 

(SpatuUria), Stui^eon (Sturio). 
Order 6. Mfwnoiraac/tti. — Ex. Sharks (Carchttcidm), Dog-fishei 
(ScTlliad^e), Saw- fishes (Piistis), Rays and Skates 
(Raiidce). 
Order 6. Dipnoi. — £c Mud-fish (Lepidosiren). 
Class II. Amfribia (Ampbibians). — Breatbing-oi^ans in the young in 
t'.ie form of gills alone, afienvurd lungs, either alone or aesociated with gills, 
ff^ull jointed W tie backbone by two articulating surfaces ("condyles"), 
[.iiubs never convened into fins. Heart In tSie young of two chambers 
o;ily, in the adult of three chambers. Blood cold. 
Order 1. LabariTtthodoitiia (extinct). 
Order 2. Ophioimrpha. — -Er. C»cilia, 

Order 3. ITrorfe/a (Tailed Amphibians).— .Et. Water-ncwta (Triton), 
Salamaudets (Saiamandra), Axolotl (Siredon), Mud-eei 
(Slreni 
Order 4. Aaottra (Tailless Amphibians). — Ei. Frogs (Rana), Troc- 
fr(^s (Hyla), Toads (Bufo), Surinam Toada (Plpa). 
Cwsa III. Reptilia (Reptiles). — Respiratory oi^ans in the form of iui^, 
never in the form of gills. Heart three-chambered, rarely four-chambered, 
the pulmonary and systemic circulations alwaj^ connected together directly, 
either in the heart itself or in ila immediate Qeigbborhood. Blood cold. 
Skull jointed to tbe backbone by a single articulating surface or " condyle." 
Kach half of tbe lower jaw compased of several pieces. Appendages of tbe 
skm in the form of scales or plates. 

Order I. CM<mia.—Ex. Turtles (Cheloniid)^, Soft Tortoises (Trlo- 
nycidie), Terrapins (Emjdidse), Land Tortoises (Tus- 
tudiuid3>). 
Order 2. Ophidia.—Jii. Vipers (Viperida;), HattlesnakeB (Crota- 
lidEc), Sea-snakes (Cydcophidie), Boas and Pythons 
(Boidic). 
Order 3. LacertiUa.—Ec Lizards (Lacerta), Iguanas (Iguanid^), 

Monitors (VaranidEe), Chameleons (Chameleoutidte). 
Order 4. Crocodilia. — Ex. Crocodiles, Alligators, Gavitda. 
Order 5. leklkyopterygia (estinct). — Ex. Ichthyosaurus, 
Order 6. Saaropttrygia (aitinet), — Et. Plesiosaurua. 
Order 7. Fterosaaria (extinct). — Ex. Pterodactylns. 
Order 8. Anomodonlta (extinct). — Kc Dicynodon. 
Order 9. Deinosam-ia (extinct). — Ee. Iguanodon. 
Class IV. Av£3 (Birds). — Respiratory organs in the form of lungs, never 
in the form of gills. Lungs connected with air-receptacles pkccd indifforeiit 
parts of the body. Heart four-cliambered. Blood warm. Skull connected 
with the backbone by a smgle articulating surface or "condyle." Each 
half of the lower jaw composed of several pieces. Appendages of the akin 
in the form of feathers. Cavities of the chest and abdomen not separated 
by a complete partitbn (diaphragm). Fore-limbs converted into winga. 
.djiimal oviparous. 

Order 1. .ffodrfores (Swunmets). — Ex. Penguins (Spheniscid*), Gulls 
(Larids), Ducks (Anatid^), Geese (Anseriuie), Flamin- 
gos (Phasoicopteridffi). 
Order 2. Graltalores (Waders).— .Sr. Rails (Rallidle), Wat«r-hens 
(Gallinalse), Cranes (Gruidie), Herons (Ardeidie), Storks 
(Ciconinee), Snipes and Woodcock(Scolopaeidaa), Plovers, 
Oyster-catchers, and Turnstones (Charadriids). 
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Order 3. Cur'ores (Runners)— St Ohtricli (=ltnithio), j 

Oatnch (Ithea), Emeu (Dromaiua), Cassowary (Caeu 
aniH), ApttTjji 
Order 4. ifesorfs(Scralc!iera) — Ex Grouac, Ptarmigan, Partridges, 
Pheasants, TurkLj, Guinea fowl, Domestic Fowl, Pea 
fowl (Galimacei) , Dove'', Pigeons, Ground pigconh {Co- 
lumbacei) 
Order B. Seansorea (Climber=) — Ex Cuckoos (Ouculidse), Wood 
peckers (Pieidee), Parrots, Cockatoos, Farrakeets 
(Psittacids), Toucans (RhamphastiiJ'B), Trogons (Tro- 
gonidEs). 
Order 6, Instisorea (Perchers) — Er Crows, Magpie", and Jays 
(Corvidie}, Starlings (Stumidae), Finches, GrosbeabB, 
Larks (FrmgiUids), Thrushes, Blackbirds, Onoles 
(Mcrulid'e), Creepers and Wrens (Certhnlai), Humming 
birils (Trochilidee), lawaJIotvs and Martens (Hirundinid'E), 
Switts (Cjpselidie), Kmg fishers (AlcedimdEe) 
Order 7. Saptorea (Birds ol Prey)— Sr Owls (Strigida), Fakona 
and Hawks (Faloonidie), EagWi (Aqmliua), Vultures 
(Vultundte) 
Order 8. &!i(»-Mne (citinet) — Ex Artbieoptervs 
Class V. Uiuhalia (Mammals or Quadrupeds) — Respiratoiy oigans 
in the form of lungs, wbith are never connected witb air aata plated at 
different parts of the body Heart four chambered Blood warm Skull 
united to thu baokbonu by two articulating surfiies or " condyles ' Each 
half of the lower jaw composed of a biugk piLCC Appendage of the skiii 
iu the form of hairs lioung nounshed by mtana of a special fluid — the 
milk — secreted by special gkiuds — the mammary glands Aminal yivipa- 

A. NoN-piiCENT 11 MiMUALS — The young not proiided with a plateuta 
Order 1 Mo/iolrmuita — Ec l)ui.k mole (Ormthorhynchus), Spiny 

Ant eater (Echidna) 
Order 2 Marsupiaha — £U Kangaroos (Maeropodidse), Kangaroo- 
bear (Phascolarotos), Phalangers (Phalangistida), Opos- 
sums (Didelphidie), Tasiuanian Devil (Dasyums). 

B. PiACKNTAL Mammals. — The young provided with a placentn. 

Order 3. Edentata. — Sloths (Brady pod ids). Armadillos (Dasy. 
podidse). Hairy Ant-eaters (MyrraecophagidEe), Scaly 
iuHite,. (MinU). 

Order 4. Sirenla. — Ex. Manatee (Manatus), Dugotig (Halicore). 

Order 6, Celaeea.~~Ei:. Whalebone- whales (Bsltenidse), Sperm- 
whales (PbyseteridiB), Dolphins and Porpoises (Del- 
phtnidse). 

Order 6. fn3«?a(o (Hoofed Quadrupeds). — Ex. Bbinoceroa; Tapir; 
Dorse, Ass, and Zebra (Eqnid%); Hippopotamus; H<^s, 
and Peccaries (Suida) ; Camels and Llamas (CamclidEe) ; 
Giraffe; Stags, Elk, Kem-deer (Ceryidss); Antelopes 
(Antilopidie) ; Sheep and Goals (Ovid«); Oseu and 
Buffaloes (BovidiE). 

Oi'der "1. Hyracoidea. — Ec. Hyrai. 

Order 8. Froboscidea. — Ex. Elephants (Elephaa). 

Order 9. Camivora.— Ez. Seals (Phocidie), Bears fUraidffi), 
Raccoons (Procyon), Badgers (Melidie), Weasels and 
Otters (Mustelidfe), CivetB and Gencttes (Viverridte), 
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Order 10. EodeiUia. — Mi. Harea and Rabbits (Leporidffi), Poceu- 
pinea (Itystrieidse), Beavers (Castoridie), Mice and 
Rats (Kupidie), Dormice (MyoadEe), Squirrels and 
Marraots (Sciuridie). 

Order II. Cheiri^Aera. — jEe. Cotnnion Bala (VeBpertilionidat), 
Horseshoe Bats (Rbinolophidse), Yampire bats (Fhjl- 
lostomida), Fox-bats (Pt«ropidie). 

Order 12. InsMlivora.—Me. Mole8(Talpidse),Shrew-mice(SoricidiP), 
Hedgeliogs (Eriuaceidtc). 

Order IS. Quadrumana. — Ex. Aje-aje (Cheiromjs), Lemurs (Lo- 
muridse), Spider-monkeys (Ateles), Howlers (Mycotes), 
Macaqaes (Macaeus), Baboons (Cjnocephalua), Gib- 
bons (Hylobatcs), Orang (Simia), Gorilla and Chim- 
panzee (Troglodytes). 

Order 14, Bimana. — Man (Homo Sapiens). 



ibyGoogle 



INVERTEBRATE ANIMALS. 



SUB-KINODOM I.— PROTOZOA. 



1. Geseeal Ciiaeactegs of the Protozoa. 2. Classifica- 
tion. 3. GkegarinidjS}. 

The sub-kingdom Protozoa (Gr. peotos, first ; and 20(i«, 
an animal), as the name implies, is the lowest division of the 
animal kingdom, and its limits are therefore necessarily not 
yet strictly defined. The Protozoa oomprise an enormous 
number of animals, almost all of which are so smalt as to be 
invisible to the nsiked eye, and can only be satisfactorily ex- 
amined under pretty high powers of the microscope. For 
this reason, and because they are almost universally found in 
water, these creatures, often popularly called " animalcules," 
are almost unknown to the majority of people. Some few, 
however, attain a large size, and of these the sponges are 
familiar examples. The microscopical forms of the Protozoa 
swarm in most stagnant pools, and in all waters charged with 
organic matter so as to afford them food. Every worker with 
the microscope is familiarly acquainted with them, and they 
exhibit phenomena which in many cases render them objects 
of the highest interest. From their low position in the ani- 
mal scale, it arises that the PrMozoa are mainly characterized 
by the alraence of organs and structures which occur in higher 
beings, and they possess fewpoative characters by which they 
can be distinguished. 

The Protozoa may be defined as animals, generally of 
very minute size, composed of a nearly structureless, jelly4ike 
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! {coiled " sarcode "), allowing no composition out of 
distinct segments, having no distinct internal cavity, no ner- 
v<yua system, and either no organs denoted to digestion, or at 
best a very rudimentary alimentary apparatne. 

Of all the points enumerated in this definition as charac- 
teristic of the Protozoa, none is more important than the na- 
ture of the body-substance. The body in all known Protozoa 
is composed of a substance which is generally known by the 
name of " protmlaam " — or, better, " sarcode " (Gr. sfflrar, flesh ; 
eidos, form}. "Hiis sarcode is a gelatinous substance, very like 
white-of-egg to look at, and really of nearly the same chemical 
constitution, consisting mainly of albumen, or of some body 
allied to albumen. Generally, however, it contains numerous 
oil-globules scattered through it The sarcode shows the phys- 
iological property of " contractility " — that is to say, under 
appropriate stimuli, or at the wili of the animal, it may be 
made to contract or shorten its dimensions, thus giving rise 
to movements. As a rule, no other structures appear in the 
sarcode except minute rounded particles, or granules and 
molecules, but in some cases lai^er definite structures are 
formed out of it Of this nature is the so-called "nucleus" 
found in many Protozoa. 

As regards their internal structure, some Protozoa exhibit 
nothing worthy of the name of structure at all, the entire 
body being simply composed of sarcode, containing scattered 
granules (for example, the Foraminiferd), In other cases 
there arc found certain definite bodies which arc known as the 
" nucleus " and " nucleolus," and which are usually, if not 
always, connected with reproduction. Very often, too, there 
are found certain minute cavities or chambers which close and 
expand at definite intervals, and which arc known as the 
"contractile vesicles," These are, doubtless, rudimentary or- 
gans of circulation. In one division of the Protozoa (the I)h- 
fusoria) there is a permanent mouth and a short gullet, but 
in all the others there are no definite organs connected with 
the process of digestion. In no JProtozoon, however, without 
exception, have any traces of a nervous system been hitherto 
detected ; and in none, even in those which possess a mouth, 
is there any distinct and definite cavity or chamber within the 
body in which the particles of food are received. No organs 
of sense exist in any of the Protozoa — that is to say, there 
are no distinct organs fitted for the reception of impressions 
produced by light or sound ; but the general surface of the 
body appears capable of receiving the impressions produced 
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by contact with foreign bodies, and therefore acts as an or- 
gan of touch. The power of active locomotion is enjoyed by 
most of Protozoa ; but in some oases this is very limited, and 
in other cases the animal is permanently fixed (as in the 
sponges). The apparatus of locomotion in the Protozoa is of 
a varied nature. In many caseSj especially in the higher 
forms, movements are effected by means of iittle hair-like pro- 
cesses, which are called " cUia (Lat, ciUum, an eyelash), 
and which have the power of vibrating or lashing to and fro 
with great rapidity. In other cases the cilia are accompanied 
or replaced by one or more long whip-like bristles, which act 
in the same fashion, and are known as " flagella." Among 
the lower Protozoa the most characteristic organs of locomo- 
tion are the so-called " pseudopodia " (Gr. pseudoa, falsity ; 
podes, feet). These consist of variously-shaped filaments, 
threads, or finger-like processes of sarcode, which the animal 
can thrust out from any or every part of its body. They are 
not, however, definite and permanent organs like the cilia, for 
tliey can be produced at will, and when they are again Tvith- 
drawn they simply melt into the sarcode of the body, and 
leave no traces of their existence. 

As regards the classification of the Protozoa, a rough and 
useful division is into mouth-bearing or " stomatode " Proto- 
zoa, in which there is a distinct mouth ; and monthless or 
" astomatous " Protozoa, in which there ia no nioutb. It is 
somewhat doubtful, however, if the mouth-bearing forma 
(namely, the Infusoria) can properly be kept in the Protozoa, 
so that this arrangement is not a very good one. More scien- 
tifically, the Protozoa are divided into three great divisions or 
" classes," known by the names Gregarinidm, MMzopoda and 
Ipfusoria, all of which require special examination. 

Class I. GeegaeiniDjE. — The Gregarinidm may be de- 
fined a,& parcisitic Protozoa which Jiave no mouth, andhave no 
power of giving out pseudopodia. Tbey are usually looked 
upon as forming the lowest class of the J^otozoa ; but in all 
probabihty much of their degraded character, as we shall see 
in other cases, is due to the &ot that they are internal para- 
sites, and are therefore not dependent on their own exertions 
for food. They vary in size from less than the head of a small 
pin up to nearly half an inch in length, when they look some- 
thing like small worms ; and they are found inhabiting the in- 
testines of various animals, especially the cockroach and the 
earthworm. 
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In anatomical structure a Gregarina usually presents the 
appearance of a single cell, consisting of an iU-defined mem- 
branous envelope, tilled with a more or less granular sarcode 
containing fatty granules, and having in it a little central 
bladder or vesicle — -the " nucleus " — which in turn encloses a 
solid particle or " nucleoius " (Fig. 3, a). The outer covering 
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or cuticle with which the protoplasmic body is enclosed may 
be quite smooth, or it may be furnished with bristles or 
spines, and in some cases even cilia have been observed. Be- 
yond the nucleus and nucleolus (which are probably connected 
with reproduction), no definite organs have been detected in 
the Gregarinm; and all the processes of assimilating food 
and getting rid of waste or injurious products must be effected 
by the general surface of the body. As we shall see, how- 
ever, this is common in internal parasites, which are not 
necessitated to live upon solid food, but which are enabled to 
subsist simply by imbibing the nutritive juices of their hosts. 

The following ia a brief outline of the protesa of reproduction as it has 
been obeerved in the Gregarince, Bometiraes in a single individual, aome- 
timea in two individuals whiuh have come together and completely coalesced 
and melted into One another. The QTegarinn becotnea completeij motion- 
lesa, assumes a globular form, and develops round itself a thick structureleas 
coat or envelope, when it la said to be " encysted " (Rg. 2, 6). The nucleus 
then disappears, and the sarcode of the body breaks op into little maasca, 
which are at firat rounded, but afterward become pointed at both ends, when 
they are called " pseudonavicelto " (Kg. 2, c). The eyat then breaks and 
the pseudonavicellie escape, when they give origin ta little n 



code, which have the power of active movement and of throwing out pseudo- 
podia, thus coming cloaely to resemble the animalcule which will be directly 
dcacribed aa the Am:Eba (Fig. 2, e). These little amoeba.like masaea, if they 



le locality, are finally developed into new Grcgar 
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CHAPTER II. 
Ehizopoda. 

The next class of the Frotozoa wtiidi we Lave to consider 
comprises the most characteristic and typical forms of the 
whole sub-kingdom. The name of Mhizopoda, or "root- 
footed " animalcules (from the Greek, rAi'sa, root ; andjootfes, 
feet), is derived from the fact that they all possess the power 
of throwing out at will from various parts of the body the 
processes of sarcode which have been already spoken of as 
pseudopodia, and by which they both move and obtain food. 
In fac^ the Rhieopoda may be shortly defined as Protozoa 
which have no mouth and possess the power of giving out 
pseudopodia. The pseudopodia vary a good deal in shape 
and in other characters in diflerent orders of the Shisopoda, 
but they have invariably the character of being nothing more 
than temporary threads or finger-like processes of sarcode, 
which can be thrust out at will, and which melt again into the 
substance of the body when they are withdrawn. 

Five distinct types of structure are known in the Mhizo- 
poda, and these constitute aB many distinct orders, which are 
known by the names of the Monera, Amoebea, Forandnifera, 
Itadiolaria, and Spongida. 

Okder I. MONBKA. — ^This name has been proposed for a 
small group of organisms which merely require to be men- 
tioned. They are all microscopic in size, and inhabit the sea. 
Tlieir sarcode-body is entirely structureless and devoid of defi- 
nite organs of any kind. They have the power, however, of 
throwing out innumerable processes of the body-substance or 
" pseudopodia," and these agree in their characters with those 
which wiU be afterward described as characterizing the Forrt- 
minifera. They are, namely, very long and delicate filaments 
of sarcode, which unite in various directions so as to form a 
net^work, in which the particles of food are entangled. The 
body is completely naked, and the Monera differ from the 
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this absence of a 



Miramimfera, chiefly if not entirely, ii 
havd covering or sbell. 

Order II. Amcebea. — This order is cliaracterizei] b_v tlie 
fact that the pseudopodia are tnostly blunt and Jinger-Uke in 
shape, and that the sarcode of the body contains the structures 
knovm as the " nucleus " and " contractile vesicle.^' 

As the type of the order may be taken the Amoeba or Pro- 
teus-animalcule, so called because of the incessant and illimit^ 
able changes of form which it exhibits (Gr, amoibos, chan- 
ging). The Amceba is a little microscopical creature which 
may commonly be detected in stagnant water, especially 
where tbere is decaying vegetable matter. When examined 
under the microscope, al! that would probably be seen at first 
would be a shapeless or irregularly-spherical mass of gelati- 
nous, jelly-like sarcode, containing scattered granules. Soon 
the creature might be observed to push out a fingei 
prolongation of its own substance ; and it would i 
found that similar processes or pseudopodia could be pushed 
out at will from almost any point of the body and again re- 
tracted within it without leaving any trace behind. As a 
result of this, the form of the animal is constantly changing, 
and hence its common name of Proteus-animalcule (Fig. 3, d). 
By means of these temporary processes of sarcode, tJie Anioiba 




. — MorphoJoEry of RhE^opoda. 
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both moves and obtains food. Locomotion is effected in a 
kind of creeping manner, the animal pushing out the pseu- 
dopodia in one direction and then pulling the body in the 
same direction. In the same way, when any minute particle 
of food, such as a microscopic plant, comes within its reach, 
the Amt^a wraps a pseudopodium round it, and then with- 
drawing the pseudopodium, lodges the nutrient particle sc- 



ibyGoogle 



RillZOFODA. 3 1 

curely in the substance of tte body. It follows from this that 
the Amoeba lias no permanent mouth — no aperture, that is, 
which is especially employed in. the admission of food. Any 
part of the surface can be pushed out into a pseudopodium, 
and therefore any part of the surface can be extemporized 
into a mouth. The process of taking food, in fact, in the 
Ama'J>a, has been aptly compared to thrustmg' a stone or any 
other solid body into a lump of dough. The central portion 
of the body of the animal is softer and more fluid 4hao the 
outer layers, and the particles of food, on reaching this point, 
undergo a sort of digestion, and are subjected to a species of 
movement or rotation in the interior of the animal. Each 
particle of food, in the process of being taken into the body, 
usually carries with it a Uttic drop of water; and in this way 
a number of clear spaces are formed, which are usually quite 
round, and look like distinct cavities. These spaces are called 
" vacuoles ; " but they are not distinct organs of any khid, 
though formerly regarded ag distinct stomachs. Having un- 
dergone digestion, any portions of food which may be indigest- 
ible or insoluble are simply thrust out again through the walls 
of the body. This appears to be efiected at one particular 
part of the body ; but there is no permanent aperture for the 
purpose. There are no distinct vessels which serve to convey 
the nutritive fluid derived from the digestion; but there does 
appear to be a rudimentary organ by irfiich this fluid is driven 
through the body. If we watch an Amceba carefully, there is 
usually no difficulty in observing that every now and again 
there appears atone particular place a clear spot, "like a 
window," which slowly expands to ita full extent, and then 
usually contracts slowly till it disappears altogether. This 
process of gradual expansion and contraction is what is called 
" rhythmical " — that is to say, it is repeated at tolerably regu- 
lar intervals, perhaps twice a minute. In some cases the 
vesicle, when contracted, remains so for a long time, but it 
always reappears in the same place. It is known as iJie con- 
tractile vesicle ; and there can be little doubt that it is a 
permanent organ. It is, in fact, a little clear space or cavity 
in the substance of the body, filled probably with the nutri- 
tive fluid derival from the digestion, and no doubt serving by 
ils contraction to drive this fluid to various parts of the body. 
In its function, then, the contractile vesicle of the Amixba is 
to be looked upon as the first indication which we have in the 
entire animal kingdom of that most important organ, the 
hc^irt. 
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The Amceba possesses no breath ing-organa, of any kind, 
and no excretory organs, so that these ftinctions must be per- 
formed by the general surface of the body in a manner some- 
what the same as the exhalation from the skin which takes 
place in the higher animals. There are also no traces of a ner- 
vous system, and no organs of sense, and the only other struct- 
ure of any kind is what is known as the nucleus. The nucleus 
is simply a small rounded or oval granular mass, and there niay 
be more tfian one in the same individual. Its function, how- 
ever, is quite unknown, though it is probably connected with 
reproduction. The means employed by the A.m(eba to per- 

Eetuate the species are various, but the only one which need 
3 mentioned is the process by self-division. This is what is 
technically called "fission" (Lat findo, I cleave), and it con- 
sists in a gradual division or cleavage of the body into two 
parts, each of which then becomes a separate and independent 
individual In some cases this process is slightly varied, a 
single pseudopodium alone being cast off and becoming a 
fresh Amc&ba, but this does not differ essentiaHy from the for- 

Regarding the Awxeha from a physiological point of view, 
we see that, though the animal nourishes itself and maintains 
its existence perfectly, the process of nutrition ia carried on in 
the simplest possible manner and with the simplest possible 
apparatus. There is no permanent mouth, no stomach or ali- 
mentary canal of any kind, no respiratory or excretory organs, 
and even no distinct aperture for the extrusion of indigestible 
food. The only distinct structure which is at all concerned in 
nutrition is a rudimentary contractile cavity, the first foreshad- 
owing of the heart in the higher animals. As regards the 
functions of relation, it is questionable how far the Amc^ 
can be said to have distinct perceptions or sensations of any 
kind. It has no nervous system or organs of sight or hearing, 
and in all probability it has nothing more than a general sen- 
sibility to light. It appears, however, to be fully aware when 
any object comes in contact with a pseudopodium, and even 
to have some idea whether this is fit for food. Locomotion, 
as we have seen, is entirely effected by the temporary pro- 
cesses of Barcode or pseudopodia, and there are no permanent 
organs set aside either for locomotion or for prehension— that 
is, for seizing external objects. 

The only other member of the Amc^M which deserves 
notice is the Diffiugia (Fig, 3, b), which is not uncommonly 
found in fresh water. Difflxigia in its essential structure 
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does not differ from the Amoeba, but the greater part- of the 
body is enclosed in a sort of case or carapace, mostly com- 
posed of grains of saod, within which the animal can retire 
completely. The carapace is open at one end, and the pseu- 
dopodia are protruded from this aperture. The animal gene- 
rally creeps about head-downward, so to speak ; that is to say, 
with the dosed end of the carapace elevated above the surfe^e 
on which it is moving. 

Okdeb IIL Fokaminifera (Lat. foramen, an aperture; 
fero, I carry). — The next order of the Hhizopoda is that of the 
Foraminif&ra, comprising animals which at first sight appear 
to be highly complex, but which are really much less Wghly 
organized than the Amxi^m, The Foraminifera may be de- 
fined as Rhizopoda in which the body is protected by a shell 
or ^^ test y " there is no nucleus or contractile vesicle y and the 
pseudopodia are eetremdy long and threadlike, and interlace 
with one another so as to form a net^cork. 

The most obvious and striking character of the Forami- 
nifera is the possession of an outer case or shell, and for a long 
time they were known to naturalists by their sheila alone. As 
the shell or test is usually very beautiful and often very com- 
plex, the Foraminifera were consequently placed at first 
among the true shell-fish {Mollusea), very much in advance of 
their true position. When, however, the anatomical structure 
of the group came to be investigated, it was soon found that 
thoy were really referable to the Protozoa, and that in point 
of fact they even occupy a low position in this sub-kingdom. 
However elaborate and complicated the shell may be, the body 
of the contained animal is composed simply of granular gelati- 
nous sarcode, highly elastic and contractile, and usually red- 
dish or yellowish in color. This sarcode not only fills the 
shell, but also in many cases gains the exterior by means of 
httle perforations in its walls, and forms a thin film over its 
outer surface. Wherever the sarcode is exposed, whether this 
be only at the mouth of the shell, as in Miliola (Fig. 4, 5), or 
whether it be over the whole surface, as in IHscorbina (Fig. 4, 
c), it has the power of giving off pseudopodia. The pseudo- 
podia, however, differ greatly from those of the Amo^a, and 
they show some remarkable characters. They are extremely 
long, threadlike processes, instead of being Wunt and finger- 
shaped, and they have the curious property that they run into 
one another and interlace toward their extremities, so as to 
form a net-work which has been aptly compared to an " ani- 
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mated spider's web." Lastly, the microscope reveals in the 
pseudopodia a very ourious circulation of minute solid parti- 
cles or granules, which travel in all directions through the 
^eudopodial net-work. Internally, the sarcode-body of the 
Foraminifera exhibits absolutely no structures or dehnite oi^ 
gans of any kind. Even the nucleus and contractile vesicle 
which occur in the Am<xba are here absent, and the only traces 
of structure are to be found iu the existence of scattered gran- 
ules. 

Simple as is the sarcode-body of the Foraminifera^ it has 
in all oases the power of secreting a skeleton or shell, which 
is technically called the "test" (Lat. testa, ^ shell). The 
shell is usually " calcareous " — that is to say, composed of car- 
bonate of lime ; but it is sometimes " arenaceous," or com- 
posed of particles of sand united together firmly by an un- 
known animal cement. In either case, the shell may exhibit 
one or other of two vcrj distinct types of structure. In the 
one tjpe (la in Miliola Fig. 4, i), the shell-walls are not per- 
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fotated with holes, and the pseudopodia are therefore all 
emitted from the mouth of the shell. In ■Hie other type (as in 
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Discorbina, Fig. 4, e) the sbell-walla are perforated with a 
number of little apertures or " foramina," from which the or- 
der derives its name. These foramina are the mouths of 
tubes which pierce the walls of the shell, and thus establish 
a free communication between the interior and exterior. In 
tliis way the sarcode which fills the inside of the shell is en- 
abled to reach the outer surface, so as to form a film, from 
any part of which the pseudopodia may be given off. The 
presence or absence of foramina is believed to constitute a 
true structural distinction, and the Foraminifera may be 
thereby divided into two great groups {Perforata and Im- 
perforata). 

According to the form of the shell, also, the F<yraymnifera 
may be conveniently, though arbitrarily, divided into two 
great sections. The simplest form of shell is seen in such an 
example as JOagena (Fig. 4, a), where the shell consists of but a 
single chamber ; and the animal, in feet, is nothing more than 
a little mass of sajcode, surrounded by a calcareous envelope. 
Lagena, then, may be taken as the type of what are called 
the " monothalamous " Foraminifera (Gr. monoa, single; 
thalamos, a chamber) — that is to say, of those forms in which 
the animal consists of a single segment, and the shel! of a 
single chamber. All the Foraminifera without exception 
commence life as " simple" or "monothalamous " forms, like 
Jjiigena, but it is comparatively seldom that they retain this 
simplicity throughout life. In the great majority of cases the 
primitive mass of sarcode commences a process of budding, 
or "gemmation," by which it becomes converted from a "sim- 
ple " into a " compound " form. The original sarcode-mass, 
that is to say, begins to throw out buds in some determinate 
direction; all the buds thus produced remaining connected 
with one another, and all surrounding themselves with a cal- 
careous covering. In this way we get ultimately a compound 
organism, composed of a number of little masses of sarcode, 
all permanently united to one another, and all enclosed in a 
common shell. We get then, ultimately, such a form as iVo- 
doearia (Fig, 4, d, e), which may be regarded as a good example 
of these so-called " compound " or " polythalamous " Fora- 
min^era {Gt.jjo^ms, many; thalamos^ a chambeir). The exact 
form of shell whi6h is produced by this profcoss of budding 
will depend upon the direction in which the })ud3 are given 
off by the primordial segment. If the buds^^ given off in a 
line, we get such a form as Wodosaria. If they are given off 
in a spiral direction, each succeeding segment being a little 
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larger than the one before it, and the coils of the spiral all 
lying in one plane, then we get such a shell as Discorbina 
^ig. 4, c). TTiis is one of the commonest forms of shell among 
the Foraminifera, and it is often called the "nautiloid" shell, 
from the close resemblance which it bears in shape to the 
well-known shell of the pearly Nautilus. It was, in fact, this 
external similarity which induced the older naturalists to 
place the Foraminifera among the MoWusca in the neighbor- 
hood of the cuttle-fishes. There are numerous other tj^es of 
shell, all of which can be referred to the manner in which 
gemmation is carried on by the primordial segment; but the 
two forms above mentioned may be taken as sufficient es- 
amples. It may be mentioned, however, that there are forms 
in which the new segments are added in a very irregular man- 
ner, and the resulting colony has no very definite shape, as in 
Glohigerina (Fig. i,f). 

Affinities of the Forauinifeba. — In spite of their beautiful, and in 
many oases complex, ehells, the anatomical structure of the l^'oraminifera is so 
simple that it may fairlj be questioned whether in a. systematic arrangement 
they should not be placed at the bottom of the whole sub-kingdom PtoUoob. 
Perhaps the neacesi relatives of the Foraminifera are the Folyeystina, a 
group of oiganisms which we have yet to consider. These differ from the 
Ibramini/era In little or nothing, except that the shell is composed of flint. 
The Foramhii/era are also clearly related to those forms of the Ameehea 
which possess shells, such as Diffiugia. The sarcode-body of Diffixigia, 
however, contains a nucleus and a contractile vesicle, and. the pseudopodia 
are thick and blant, so that the differences are sufficiently wdghty. There 
are also very interesting points of relationship between the Foraminifera 
and the sponges, which cannot be touched upon here. A few words, how- 
ever, may be said on the physiolo^cal deductions which may be drawti from 
the study of the Foreomnifera. Regarded from a physioh^cal point of 
lien, the structural simplicity of the Foraminifera renders them all the 
more wonderful. We have in them the great eqnation of life presented to 
us in perhaps its simplest form. Thoyare composed of an organic substance, 
but cannot be sidd to possess "oi^anization," being "structureless, and 
without permanent distinction or separation of parts." * Nevertheless they 
perform all the phyEiol<^ical fanetions ; they assimilate food — they lite, 
grow, and midntun their integrity in the fkce of the destructive forces con- 
stantly at work upon Uiem — they reproduce their like — and they have cer- 
tain relations with the external world, bdng at any rate capable of indepen- 
dent locomotion. All these vital actions they effect without possessing a 
single organ permanently set apart for the performance of any one of them. 
Lastly, they have the power of building np an outer envelope or shell, which 
is always beautiiUl, and is often of the moat complex cfaacacter, and con- 
structed upon a regular mathematical plan. The Jibrmnimfera, then, of all 
known animals, offer the most convincing illustration of two laws : firstly, 
that there is something in the action and nature of vital forces altogether 
distinct from any thing hitherto observed in the physical forces ; and see- 
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ondly, ihat life is the came of organization, and not the nsiiU of it : in otiier 
words, un animal ia organized, or possesses structure, bceauao it is alive ; it 
does not live because it is orguuzed. 

DiSTBiBDTioN OP FoRAMiNiTKRA IN SPACE,* — The ForninmifeTa are ex- 
clusively marine or inhabitants of the ocean, and huve a world-wide distribu- 
tion. They are mostly very minute, but some of the eitmct fotma attained 
a size of as much as three inches in circamfetence (e. g., the NummuUt^, 
Fig. 5), Some forms may be obUuned adhering to the roots of tangle (Lami- 
tviria) at or near low-water mark, but they are mostly to be dredged from tol- 
erably deep water. In the deepest parts of the ocean which have yet been 
examined by the dredge — at a depth, namely, of nearly three miles — Forami- 
nifera have been obtained in abundance. There is also no doubt that in 
many parts of the deep ocean, especially where warm currents exist, there 
rrc now forming deposits of the shells of Foraminifera, which may well be 
ccApared to the great masses of wliite chalk with which the geol<^ist is 
familiar. Foramimf^ii may generally be obtained for examination from the 
shaklogs of sponges or from the sand of the sea-shore, especially in warm 
eUmates. To give some idea of their abundance, it may be stated that Plan- 
cus found about 6,000 specimens in an ounce of sand fh>m the Adriatic ; but 
D'Orbigny calculated that no fewer than between three and four milhons 
were present in an ounce of sand from the Caribbean Sea. 

DigTEimrrioN os Foraxinifeba in Time. — It is not the object of the 
present work to enter into the consideration of the past existence of difTer- 
ent groups of animals, since this presupposes some knowledge of geology, 
but the Foramimfera present some points of special interest which may be 
very shortly nodoed. In the first place, as far as is yet known, the Forami- 
nifera were the earliest and oldest of created beings. The oldest fossil 
which has hitherto been exhumed by the labora of geologists is believed to 
have been a Foramvnifer, \ of large size, and with some decided affinities to 
existing forms. In t£e second p&ce, it is only by an examination of the dis- 
tribution of the Jbroniini/em m past tune that we can arrive at any ade- 
quate notion of the importance of these raicrosoopic creatures when looked 
at in the aggregate. The great geological formation known as the white 
chalk — a formation which forms the well-known chalk-cliffe of the south of 
England, and which stretches over a great part of the continent of Europe, 
attaining somethnes a thickness of not less than 600 feet — is almost wholly 
composed of the shells ai Foraminifera, visible only to the microscope. The 
smallest fragment of the common chalk, with which every one is familiar, 
contains numbers of these minute shells ; and it is a singular bet that some 
of the species in the chalk are indistingnlshable from forms which now oc- 
cur in the ooze which forms the bed of tlie AthmUc at great depths. The 
stone of which Paris is built is to a very great extent composed of the shells 
of Foraminifera, especially of the MilQa ; and it is hardly an exaggeration 
to say that Paris is mainly built up oat of these minute organisms. Another 
remarkable formation is that known as the "Nummuhtic limestone," from 
the presence in it of a large coin-shaped Foraminifer, the Nummulite (Fig. 
5), generally about as lai^e as a shilling. 

The Nummulitic limestone stretches from France on Hie west to the fron- 
tiers of China on the east, and is almost everywhere readily recognizable as 

*Uiiaertlieterm"IHslribution in 8psce" come Bit ae fects relattne to the prewnj 
OCTurreiice of any auimnl or group of Animals upon the globo. Under the term "Dislilbu- 
tioQ In nme " come all Uie hfts reladne to the pait occurreucs of any animal or group of 

^ Ttif.EozoSn. (ViniH/pnwoftheLani'enUiinllwkaofCanaila, 
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a. distinct formation. It attains in places a thickness of several thousai 
feet, and is especially largely developed in tlie Alps, It has an historic i 
terest from the fact that the Pyramids are built of it and that the Kumm 
lites n t were n t ccd by Hecodot the fatl cc ol hiat ry 




Order IV. Badiolaria (Lat. radius, a ray), — The third 
order o£ the Rhizopoda is that of the Sadiolaria, essentially 
distinguished by the feet that the sarcode-body has the power 
of secreting a " siliceous " or flinty skeleton, either in the form 
of a shell, or of detached spicules or needles ; while the pseu- 
dopodia are long and thread-Uke, and stand out from the body 
like ra^s. In this last character the Jiadiolaria approach 
very doaely to the Foraminifera ; and the resemblance be- 
tween the two groups is still further increased by the fact 
that the pseudopodia often run into one another so as to form 
a network, and sometimes show a circulation of granules 
along their edges. Three groups of organisms have been 
described as belonging to the Mudtolaria, and we may briefly 
notice an example of each of these. 

In the first family we have organisms like Acanthometra 
(Fig. 6, a), in which the body is composed of sarcode, sup- 
ported by a framework of siliceous or flinty rods, which all 
meet in a common centre. The spines or rods are all perfo- 
rated by canals, and each conveys a pseudopodium, which is 
protruded from an aperture at its apex. Many pseudopodia, 
however, are given off from the surface of the body directly, 
and are not enclosed in the spines. The Aeanthometr(e are 
all minute, and are found floating near the surface in the open 
ocean, sometimes in great numbers. 

In the second fiimily {Polycystina, Fig. 6, J) we have a 
number of beautiful little organisms closely allied to the Fo- 
■raminifera, but differing in the fact that the body is enclosed 
in a glassy shell composed of flints The shell is perforated 
by numerous holes through which the pseudopodia are 
emitted, and it is usually of extreme boauty, being sculptured 
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ill various ways, and often adorned with spines. The sarcode 
of the body is usually olivo brown in color, and often does 
not quite HU the sheil. 




The pseudopodia are filamentoiis, and exhibit a slow cir- 
culation of granules aiong their borders, but they do not run 
into one another. All the Polycystina are microscopic, and 
tbey are all ihhabitants of the sea. They are best known to 
students of the microscope as the "Fossil Infusoria of Barba- 
does," as they occur in incalculable numbers in a sandstone in 
that island. 

In the third femily (ThalassicolUda, Fig. 7) are included 
a number of singular gelatinous organisms which may be as 
large as an ordinary marble, but are often hardly visible to 
the unassisted eye. They are found floating passively at the 
surface of most seas. 

The body in all the ThalassicoUida is composed of sarcode, 
and has the power of ^viag off thread-like radiating pseudo- 
podia, which sometimes run into one another and form net^ 
works. In all cases the earcode-body appears to have the 
power of secreting flint in some form or other. In Collo- 
sphmra (Fig. 7, «), the flint is secreted in the form of a shell 
or test, perforated by large apertures. In ThalassicoUa (Fig. 
7, V), the silica forms groups of needles or "spicula," scattered 
here and there in the jelly-like sarcode. 

OKT>£B-{f . Spongida,— The last order of the Mhizopoda 
is that of the Spongida, the exact nature and position of 
which have only recently l>een detennined. For a long time 
sponges were pretty generally regarded as being vegetables, 
and it is only since the microscope has been employed in their 
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elucidation tliat tlieir true nature lias been made out. Most 
naturalists are now agreed as to the propriety of placing the 
sponges in the animal kingdom, and they are generally re- 
ferred to the BMsopoda, though they are sometimes looked 
upon as constituting a distinct and separate class of the JVo- 
tozoa. The apparent complexity of structure which Uie 
sponges exhibit is due to the fact that what we ordinarily 




podks 

term a sponge is really a colony or aggregation of separate 
masses of sarcode, greatly resembling Am(eb<s in structure, 
and haying the power of secreting a skeleton or supporting 
framework common to the whole assemblage. Sponges, in 
feflt, may be defined as compound Mhizopoda, forming 
masses which are ta^versed by canals opening on the surface, 
and supported hy a framework of horny fibres or of calcare- 
ous or flinty needles. 

There are, then, two essential elements in the structure of 
a sponge — namely, the sarcode-bodies which constitute the 
animal itself^ and which are collectively termed the " sponge- 
flesh," and the hard framework or "skeleton " upon which the 
flesh is supported. To understand the nature of these fully, 
we may take an ordinary homy sponge, such as we are con- 
stantly in the habit of using. As we jee the sponge in this 
country, we are only acquainted with the skeleton, which is 
composed of an enormous number of homy fibres, all interlaced 
and interwoven with one another, but leaving numerous holes 
and canals between their bundles (Fig. 9, d). In its living 
condition, however, the whole of this skeleton is covered in- 
side and outside — saturated, in, fact — with a kind of slimy ma- 
terial very like white-of-egg to look at. This is the so-called 
sponge-flesh, and, upon examining this with a microscope, it 
is found to be composed of an enormous nimiber of minute 
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masses of sarcode, all more or less completely independent 
of each other, and each very closely resem.bling an A/mc^a. 
These separate " sponge-particles," or " sarcoids," as they are 
caUcd, consist, in fact, of granular sarcode, capable of pushing 
out little processes or threads of sarcode in the form of pseudo- 
podia, and sometimes furnished with an internal solid mass or 
nucleus (Fig. 3, c). In some cases each sarcoid carries a 
single lash-like vibrating iilament or cilium (Fig. 3, </, e). 
Each sarcoid has the power, if detached, of independent move- 
ment, and eacb can obtain food for itself. As the sponge, 
however, is a fixed aniroal, some provision is necessary by 
which food shall be conveyed to the sarcoids in the interior of 
the mass. This is effected by a remarkable water-carrying or 
"aquiferous" system m the foHowmg m inner The entire 
sponge is riddled m every direction by an immense number 
of canals, all opening ou the surface, and tommunicating treely 




Fio. e.— DlasnunniBHe B«llon of SjwnpiHa (after Hoiilej) a a Outer or snporflaal layor 
lint aperCurfi. or " oscalum & arro ii InSiato the din. tlun ot Uie cuirents, 

with one another in the interior of the mass. The canals are 
of different sizes, and, as can readily be observed in an ordinary 
sponge, their extern^ openings are also of different sizes. A 
few of the holes are of much larger size than the others, and 
these, for reasons which will be seen directly, are called the 
" exhalant apertures," or " oscula." The great majority of the 
holes are very minute, and these are known as the "inhalant 
apertures," or " pores." In a living sponge a more or less 
constant circulation of water is carried on by means of this 
canal system. The water as admitted by means of the pores 
(Fig. 8, b V), is driven into the interior of the sponge, and is 
finally expelled in steady streams from the oscula (Fig. 8, <^. 
The mechanism by which this circulation of water is effected. 
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was long unknown, but it is now known to consist in aggrega- 
tions of sponge-particles provided with cilia which all work 
toward the interior of the sponge (Fig. 8^ c e). The circula- 
tion of water in this manner can be readily observed in many 
of our common marine sponges, and it is under the control of 
the animal to a great extent. The large apertures or oscula 
are permanent, but they can be closed and opened at will ; 
while the smaller apertures or pores appear to be formed 
afresh, wherever they are wanted, at any point of the surface. 
By means of the currents of water each individual sarcoid or 
sponge-partide is enabled to obtain food, so that the whole 
sponge, as remarked by Huxley, " represents a kind of sub- 
aqueous city, where the people are arranged about the streets 
and roads in such a manner that each can easily appropriate 
his food &om the water as it passes along." It is also not 
improbable that the process is at the same time a rudimentary 
form of respiration. 




:eriimos horny fibrts V 



n. All luuuu mogul- 



Such, then, are the genera! phenomena exhibited by any 
sponge, and the chief variations which occur among the 
sponges are to be found in the nature of the skeleton. In the 
sponges of commerce the skeleton consists of matted fibres 
composed of a substance nearly allied to horn. In other forms 
the skeleton is calcareous, or composed of lime; and in other 
cases, again, it is siliceous, or composed of flint. Tlie Venns's 
flower-basket (Euplectella), which looks like a goblet woven 
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of spun glass, b a f:imi!iar example of the flinty spoages. In 
most cases, the skeleton, and often the flesh ae well, is fur- 
nished with more or less numerous needles or spicula, gener- 
ally of flint, but sometimes of lime, which assume a great vari- 
ety of shapes, and appear to exercise different functions (Fifr. 
9, e, d). 

As regards the reproductive process in the sponges, it will 
be sufficient to state very briefly the leading phenomena which 
have been observed in the fresii-water sponge {Spongilla 
Jluviatilis). If a specimen of SpongiUa be observed toward 
the approach o£ winter, its deeper portions will be found to be 
filled with numerous small, rounded bodies, like seeds, which 
have been called " gemmules." Each gemmule (Fig. 9, a, b) 
exhibits at one point a small aperture, and is found to be com- 
posed of a leathery membrane, surrounded by a layer of sar- 
code, in which are imbedded a number of spicula. These 
spicula consist each of a central rod or asle carrving a toothed 
wheel or disk at each end (Fig. 9, c). In the interior of the 
capsule thus formed is a mass of cells, of which the central 
ones contain numerous reproductive germs. When the spring 
comes, these masses are discharged into the water through the 
aperture of the gemmule, and become developed into fresh 
SpongillfB. In addition to this method of reproduction, the 
fresh-water sponge during the summer months has the power 
of producing true eggs or ova, and sperm-cells. The impreg- 
nated ova develop themselves into embryos, which are pro- 
vided with numerous cilia or vibrating hairs, by means of 
which they swim about freely. Finally, upon finding a suit- 
iible locality, they fix themselves to some solid object, lose 
their cilia, and grow up into SpongUlm. Indeed, as a general 
if not universal rule, the embryos of the sponges are provided 
with cilia, and are thus capable of active locomotion. In this 
way is secured the extension over a wide area of these othei'- 
wise fixed and plant-like organisms. 

Distribution of Spongea in ^ace. — It remains only to add 
a few words on the distribution of sponges in space. With 
the single exception of Spongiila, all known sponges are in- 
habitants of the sea; but the former is to be found in lakes 
and rivers in most parts of the world. The marine sponges 
are found mostly attached to stones and other foreign objects 
between tide-marks and in deep water. The sponges of com- 
merce are mostly obtained from the Grecian Archipelago, but 
inferior kinds are imported from the Bahama Islands. One 
common sponge ( Cliiind), instead of inorustirig other objects, 
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inhabits branching cavities in shells, which it excavates for 
itself. It apparently lives upon the animal matter contained 
in the shell, and few oyster-shells can be picked up upon our 
shores which do not exhibit the perforations and mines of 
some species or other of this genus. Fossil shells, also, often 
occur, which show that these mining sponges have enjoyed a 
vast antiquity. 
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CHAPTER IIL 
Infusoria. 

The last class of the IVotozoa is that of the Infmoria, so 
f:alled because of their being frequently developed in organic 
infusions under the following singular circumstances : If some 
water be taken, and any animal or vegetable substance be 
soaked or boiled in it, a solution is formed containing organic 
matter, or, in other words, an " organic infusion." It is un- 
necessary to say that if this infusion be examined under the 
microscope, after boiling, nothing will be detected in it — 
nothing uving, at any rate. If examined, however, at the end 
of a few days' time— if the circumstances have been favor- 
able — a vast number of living forms wOl now be found in it. 
Among these will be found several of the members of the 
present class, and hence the name applied to them of Infusorian 
animalcules, or Infusoria. It is unnecessary to enter here 
into the question how these living beings are produced, since 
the subject is one of great obscurity, and opinions are still 
divided upon it. It is sufficient to renaark that there are emi- 
nent observers who hold that the appearance of the Infusoria 
in this fashion is to be explained upon tlie theory that they 
have been spontaneously produced out of the inorganic ma- 
terials of the infusion, in opposition to the general view that 
they are derived from preesistent germs. 

The position of the Infusoria is somewhat doubtful, and 
it appears probable that they will ultimately have to be re- 
garded as a separate sub-ldngdom, or as a branch of a higher 
sub-kingdom (Annuloida). In the mean while it is most con- 
venient to retain them in their present place, at the head of 
the sub-kingdom I*rotozoa. Regarded in this light, the In- 
fusoria present a great advance in structure over all the 
forms which we have hitherto studied — an advance which is 
especially seen in the constant presence of a pennanent 
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mouth. The Infusoria may be defined as Protozoa which 
are provided with a mcnith, and generaUy a rudimentary 
digestive canal. They do not possess the pow&r of emitting 
pseudopodia, hut are furnished with vibratile cilia or con- 
tractile filaments. They are mostly miaroscopic in size, and 
their bodies usually consist of three distinct layers. They 
are mostly simple free-swimming organisms, but they some- 
times form colonies by budding, and are fixed to some solid 
object in their adult condition. As types of these two sec- 
tions of the Infusoria, we may take respectively Paramcecium 
and Hpistylts. 

Paramcecium (Fig. 10) is a beautiful slipper-shaped little 
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creature, which may be found commonly in stagnant waters 
or in artificially-prepared infusions. The body is nearly quite 
transparent, and consists of three layers — 1. A structureless, 
transparent, external film or pellicle ; 3. A central mass of soft 
semi-fluid sarcode ; and 3. An intermediate layer of firm and 
consistent sarcode. The external membrane or cuticle is 
richly covered with minute vibrating hairs or cilia, which ap- 
pear, however, to be really derived from the middle layer. 
The cuticle is also perforated by the aperture of the mouth, 
which is continued into a short, funnel-shaped gullet. The 
gullet, however, is not continued into any distinct stomach, 
but opens directly into the soft, semi-fluid sarcode which con- 
stitutes the central abdominal cavity. The particles of food 
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Oil passiDg through the guUet are directly received into the 
central mass of diffluent sarcode, where they undergo a kind of 
Blow circulation or rotation. As in the case of the Amcebtt, 
each particle of food generally carries with it a little water, so 
that the appearance is produced of a number of little clear 
spaces in the central sarcode. These are now called vacuoles, 
or food-vacuoles ; but they were originally described by Ehren- 
berg, the famous Prassian microscopist, as so many distinct 
stomachs, in consequence of which he named the Infusoria the 
Polygastrica (Gr. polua, many; and ffoster, stomach). The 
vibrating cilia which clothe the suriace of Paramoeeium serve 
partly to drive the animal rapidly through the water, and partly 
to set up currents by means of which food is conveyed to the 
mouth. All the nutrient particles obtained in this way undergo 
the circulation in the central sarcode above spoken of, where 
they are partially or conapietely digested. The indigestible 
portions of the food appear to be got rid of by a second aper- 
ture {anus) placed near the mouth. The only other oi^ans 
possessed by Paramcecium are the so-called nucleus and 
nucleolus, and the contractile vesicle (or vesicles), all of which 
appear to be situated in the cortical layer of the body. The 
nucleus (Fig. 10, n) is a little solid body, composed of an ex- 
ternal membrane, with granular contents, and having the 
nucleolus (n') firmly attached to its exterior in the form of a 
little spherical particle. Both appear to be organs of repro- 
duction, the nucleus being an ovary, and the nucleolus a 
spermarium. The names, therefore, of nucleus and nucleolus 
are extremely inappropriate, as they lead to confusion with the 
wholly distinct structures which receive these names in an 
ordinary animal or vegetable cell. The contractile vesicle (w) has 
exactly the same structure as in the v4wueJa. Jt is simply a 
little contractile cavity filled with a fluid apparently derived 
from the digestion, and contracting and dilating at regular 
intervals. There is usually only a single vesicle present, but 
there may be two or more. 

Reproduction in Paramoocitim may be effected by fission — 
that is to say, by a simple splitting of the body of a single iii- 
<lividual into two portions, each of which becomes a fresli 
being. The process of fission may commence at the surface, 
or it may begin at the nucleus. In other cases, two Paror 
mcecia come together and adhere closely to one another. The 
nucleus and nucleolus enlarge, and the nucleolus of each is 
transferred to the other, apparently through the mouth. As 
the result of this, numerous germs are produced, which, after 
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their liberation from the body of the parent, are developed 
into freah individuals. 

Epistylis, which is a good example of the fixed Infusoria, 
may be regarded as essentially similar to Paramoecium in its 
anatomical structure. In place, however, of a single free- 
swimming organism, we have now a colony of more or less 
closely related beings, the whole assuming a plant-like form, 
and being rooted to some solid object. The colonies of 
E^istylis may not uncommonly be found adhering to the 
stems of water-plants or to the backs of our common water- 
beetles, and the trained eye readily recognizes them as a 
grayish-white down or nap. On placing a portion of this 
under the microscope, we see a number of little oval cups or 
"calyces" supported upon a branched stem. Each cup con- 
tains a sarcode-body, essentially the, same as Parammcium 
in structure, consisting of granular sarcode, with vacuoles, a 
nucleus, and a contractile vesicle. The end of the cup farthest 
from the stalk terminates in a rounded aperture, through 
which there can be protruded a ciliated disk. On one side 
of tliis disk is the aperture of the mouth, leading into a kind 
of gullet, which is also furnished with large vibrating cilia. 
This, in turn, opens directly into the soft, granular sarcode 
of the abdominal cavity, which exhibits a constant though 
slow rotation. 
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A still commoner and equally beautiful example of the 
Stalked Infusoria is the so-o^led Bell-animalcule ( YoHioella, 
Fig. 11, c), which may be found in any stagnant pool attaciied 
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to tlic stems of aquatic plants. Tlie body in YorticeUa forms 
a kind of cup or " calyx " supported upon a long stalk, which 
is in turn fixed to some solid object. The stem contains a 
contractile fibre in its interior, and the animal can by this 
means push itself out or coil itself up with the utmost rapidity. 
The vibrating filaments or cilia are not scattered over the 
whole surface of the bell-shaped body, but are collected to 
form a kind of fringe or circle round tlie mouth of the calyx. 
Nearly in the centre of this ring, or on one side, is placed the 
aperture of the mouth, which leads by a short gullet straight 
into the central soft sarcode of the interior of the body. A 
nucleus and contractile vesicle are also present, so that in the 
essential points of its anatomy Vorticella does not differ from 
a free-swimming Infusorian such as JParamcedum. Indeed, a 
transition between the two forms is found In the so-called 
Trumpet animalcule or Stentor (Fig, 11, b), which can detach 
itself and swim about at will, at the same time that it is 
ordinarily fixed by its thinner extremity to some solid object. 
In Vagmwola (Fig. 11, a), again, we have an animalcule 
closely related to Stentor, but having the body protected by a 
honiy or membranous sheath. 

All the InfusoTia we have been hitherto considering belong to a section 
of the class in which the surface ia furmahcd with more or less numerouB 
cilia. There are other forms, however, in which there are no cilia, but the 
body ia furnished with n number of radiating filamentous tuliefl, the extremi- 
ties of which form little sucking-disks. Finally, there ia another section in 
nhich the organs of locomotion are in the form of long, contractile filaments, 
termed '-flagella," which may be combined with cilia, or may be the only 
locomotive organs present. In accordance with these dLftferences, the lafu- 
(uriii are divided into the three orders of the Ciliala, Sudotia, and Flagd- 
laia, of which the ciliated forma are by far the most numerous and mo3t im- 

DisTRiHUTiON OF Infcsoria IN SpAOE. — As regards the distribution of 
Infusoria in space, there is little to say, except that they are of universal 
occurrence in fresh water over the whole globe, and that they occur also in 
the sea. In feet, the only conditions which appear to be necessary for their 
existence are n. certain quantity of wat«r holding organic matter in solution. 
Wherever these conditiona are fulfliled, In/asoHa are certain to make their 
appearance. The attached forms of Infumria, however (such aa VoriiceUa, 
E^xtylie, Slenior, and others), do not appear to be ever developed in artifi- 
cial infusiODS, and they are to be sought for on the stems of water-plants, 
and in other similar localities. It seems hardly necessary to remark that, 
aa before defined, the occurrence of fossil Infusoria is not to he looked for, 
as they possess no hard structures which are capable of permanent preser- 
vation. It ia only io be added in thia connection that, if the anlnmieule 
known as NoeHluca be rightly referred to this class, the Infusoria take a 
very decided share in producing the difi\ised phosphorescence or luminosity 
of the sea, which is occasionally such a beautiful spectacle even in our own 
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CHAPTER iV. 

1. Ohaeacters of tub Sub-Kingdom. 2. DI^^s^oss. 

3. General Characters of the Hydkozoa. 

4, Explanation of Technical Terms. 

In the sub-kingdom Ctxlenterata are included the sea- 
anemones, corals, sea-jellies, sea-firs, and other allied animals, 
and the whole division may be looked upon as forming the 
most typical section of the animals formerly called by Cuyier 
Madiata. In addition, however, to the above-mentioned ani- 
mals, Cuvier included in his Madiata all the members of the 
modern sub-kingdom Protozoa, together with the sea-mats or 
lowest class of the MoUitsca, and the searurchins, star-fishes, 
wheel-animalcules, internal parasites, and others which are 
now placed in a separate sub-kingdom by themselves (Annu- 
loida). The old Madiata, therefore, was an extremely netero- 
freneous assemblage, and there is no advantage to be derived 
from its employment even in works such as thb present. The 
division Cceknterata, or " hollo w-entrailed " animals (Gr, 
koilos, hollow; and enteron, intestine), includes all those radi- 
ate animals which are more or less closely allied to the sea- 
anemones on the one hand, and to the sea-firg on the other. 
Most of the Coelenterata come under the conveniently loose 
term of "zoophytes," or plant-animals, from the external re- 
semblance which many of them show to plants. 

The Coelenteraia may be defined as animals whose aiiment- 
ary canal commumoates frmly with the general cavity of 
the body {"somatic cavity"). The body is essentiaily com- 
posed of two layers or membranes, an outer layer or " ecto- 
derm" and an inner layer or " endoderm." JVb circulatory 
organs exist, and in most there are no traces of a nervous 
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St/Stem. Peculiar stinging organs, or " thread-cells" are 
usuaUy if not always present, and in most cases there is a 
radiate or star-like arrangement of the organs, which & 
especialh/ perceptible in the tentacles, which are in moft in- 
stances placed round the mouth. Distinct reproductive organs 
exist in ail. 

The leading feature which distinguishes the Ccelenterata, 
and the one from whicli the name of the sub-kingdom is de- 
rived, is the peculiar arrangement of the digestive system. In 
the Protozoa, as we have seen, a mouth is only very rarely 
present, and in no case is there any definite internal cavity 
bounded hy the walls of the body, to which the name of 
"body-cavity" or "somatic cavity" could be properly applied. 
In most of the higher animals, on the other hand, not only is ■ 
a permanent mouth present, but the walls of the body enclose 
a distinct and permanent chamber or body-cavity. Further, 
in most cases the mouth opens into an alimentary or digestive 
tube, which is always distinct from the body-cavity, and never 
opens into it, usually passing through it to open on the sur- 
face by another distinct aperture (the anus). In most cases, 
therefore, the alimentary canal is a tube which communicates 
with the outer world by two apertures — a mouth and an 
anus — but which simply passes through the body-cavity with- 
out in any way communiqating with it. In the Cidenterata 
{Fig, 13) the condition of parts is intermediate in its arrange- 
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ment. There is a distinct and permanent mouth, and there 
is a distinct and permanent body-cavity, but thte nkouth opens 
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into, and thus cnminutiicatea freely with, the body-cavity. In 
some oases the mouth opens straight into the general body- 
cavity, which then serves as a digestive cavity as well (Fig. 
13, a). In other cases there intervenes between the mouth 
and the body-cavity a short alimentary tube, which communi- 
cates externally with the outer world through the mouth, and 
opens below by a wide aperture into the general cavity of the 
body. In no case is there a distinct intestinal tube which 
runs through the body-cavity and opens on the surface by a 
mouth at one end and an excretory aperture or anus at the 
other. Another leading character of the Ccdenterata is the 
composition of the body out of two fundamental membranes 
(Fig, 13), which are usually of a very simple structure, but 
which may be more or less complicated by the development 
of muscvdar fibres and other tissues. The outer of these 
layers or membranes is known as the "ectoderm," and it 
forms the whole of the outer surface of the body, terminating 
at the margins of the mouth. The inner layer is known as 
the " endoderm," and it lines the whole of the interior of the 
body, being prolonged into the tubular tentacles round the 
mouth. Both of these membranes, but especially the endoderm, 
are usually more or less richly furnished with vibrating cilia. 
The peculiar microscopic organs called "thread-cells," or "net- 
tle-cells," which communicate to many of the Ccelenterata 
(such as the sea-jellies) their peculiar power of stinging, are 
structures found in the integument of almost all the mem- 
bers of this sub-kingdom, and sometimes in internal parts as 
well, Tliey are very beautifiil objects of microscopical ex- 
amination, and differ very considerably in the details of their 
structure. They are, however, in most respects essentially 
the same as in the common Hydra or fresh-water polype, in 
which the thread-ceUs (Pig. 13, d) are " oval elastic sacs, con- 
taining a long, coiled filament, barbed at its base and serrated 
along its edges. When fully developed the sacs are tensely 
filled with fluid, and the slightest touch is sufficient to cause 
the retroversion of the filament, which then projects beyond 
the sac (or a distance, which is not uncommonly et^ual to many 
times the length of the latter" (Huxley). 

In accordance with the above-mentioned differences in the 
arrangement of the digestive system, the Gcelenterata are 
divided into two great classes, termed respectively the Hy- 
drozoa and the A.ctinozoa. In the Hydrosoa, there is no 
body-cavity distinct from the digestive cavity— or, in other 
words, the body-cavity i& the digestive cavity. In the Aoti- 
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nozoa, on the other hand, there is a distinct digestive cavity, 
but this opens directly into the general body-cavity, so that 
the two form distinct biit freely-comnaunjcating divisions of 
the same chamber. 

Class I, — Hydrozoa. 

The Hydrozoa are defined as Cixlenterata in which the 
walk of the digestive sae are not separated from those of the 
general cavity of the body, the two coinciding with one an- 
ot/ter. TJie re^oduetive organs are external, in the form of 
outward processes of the body-wall (Fig. 13, a, dj. 

The Ilydtozoa are all aquatic in their habits, and, with 
the exception of two genera, all are inhabitants of salt water. 
The class includes both simple and composite organisms, of 
which the most familiar are the sea-firs and their allies (Hy- 
droid zoophytes), the fresh-water polype or Hydra, the sea- 
jelhes (Meaueix), and the Portuguese man-of-war {Physalia). 
Owing to the extremely compUcated nature of many of the 
Hydrozoa, it appears advisable to preface their description 
by an explanation of some of the more important terms which 
are employed in connection with various members of the 
class. 

Gejjeeal Teemkology of the Htukozoa. 

Individual. — In order to understand fully the meaning 
which is attached to the term " individual " in zoological lan- 
guage, it is necessary to glance briefly at the general features 
of reproduction as displayed in different sections of the ani- 
mal kingdom. Reproduction is the process by means of which 
new individuals are produced and the perpetuation of the 
species insureiL This end may be attained in various ways, 
but these all come under the two heads of " sexual " and 
" non-sexual " reproduction. In se^^uil reproduction, by which 
alone can fresh beings be produced among the higher ani- 
mals, the essential element of the process consists in the 
formation of two distinct structures, a germ-cell or ovum, and 
a sperm-cell or spermatozoid. By the union of these distinct 
reproductive elements fresh beings can be produced. As a 
general rule, the germ-cell is produced by one individual 
(female), and the sperm-cell by another (male) ; but among 
the lower animals it is not uncommon for the same individual 
to produce both of these elements, in which case the indi- 
vidual is said to be "hermaphrodite." Among the lower 
animals, however, fresh beings may be produced without the 
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contact of a sperm-cell and an ovum — that is to say, without 
any genuine act of reproduction. The processes by which this 
can be effected in different animals vary considerably, but they 
are all spoken of as forms of " non-sexual " reproduction. The 
only varieties, however, of the process which require considera- 
tion, are those in which fresh beings are produced by what 
is called "gemmation" or "fission," 

Gemmation {Lat, gemma, a bud) consists in the produc- 
tion of a bud or buds, usually fix)m the outside, but sometimes 
from the inside, of an animal ; which buds become developed 
into more or less completely independent beings. The fresh 
beings thus produced by budding are all known as eo9ids, and 
are not spoken of as distinct animals for reasons which will be 
immediately evident, Wlien the zooids produced by budding 
remain permanently attached to one another and to the parent 
organism which produced them, the case is said to be one of 
"continuous" gemmation, and the ultimate result of this is 
to produce a colony or composite structure, composed of a 
number of similar and partially independent beings, all pro- 
duced by budding, but all remaining in organic connection. 
This is seen very well in the sponges, in the compound JFora- 
mini/era, and in a great number of the Bydrozoa. When, on 
the other hand, the zoOids produced by budding become finally 
detached from the parent organism, we have a case of what is 
called " discontinuous " gemmation. In this case, the detached 
zoSids become completely independent beings ; and they are 
often wholly unlike the original zooid in stracture and in 
habits, so much so that they have in various cases been de- 
scribed as altogether distinct animals. Discontinuous gem- 
mation is very well seen in many of the Jlydrozoa, and in 
them the case is still further complicated by the coexist«nGe 
of discontinuous gemmation with the continuous form of the 
process. Thus, it is not an uncommon thing among the 
Bydrozoa to find a composite organism or colony produced 
from, a primordial zoOid by continuous gemmation, and h.iv- 
ing at the same time the power of giving rise to detached and 
completely independent beings by a process of discontinuous 
gemmation. 

In what is called "fission" (Lat. findo, I cleave), exactly 
the same results are attained as in gemmation, but in a 
slightly different manner. In gemmation the new beings are 
produced by means of buds thrown out by a primitive zoOid. 
In fission the new beings are produced by a cleavage or 
division of a primitive zoOid into two or more parts, each of 
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which becomes finally developed into a new awd more or less 
completely independent being. In fission, as in gemmation, 
the new beings or zoBids may remain permanently in con- 
nection with one another, when the process is a continuous 
one, and a composite organism is produced, as in many corals. 
Or, in other cases, the newzoOids produced by fission are de- 
tached to lead an independent existence, as in some of the 
ITi/drozod, the process thus becoming a discontinuous one. 

We are now able to understand what is meant, in strict 
zoological language, by the term " individual," as applied to 
animals. Zoologically speaking, an individual is drfned as 
"equal to the total remit of the development of a single 
ovum.'''' In the higher animala there is no sort of difficulty 
about this, for each ovum gives rise to no more than one 
single animal, which cannot produce fresh beings in any other 
way than by producing another ovum. In this case, there- 
fore, each animal is an individual. In the lower animals, 
however, the being produced by an ovum has often the power 
of giving rise to fresh beings by a process of gemmation or 
fission, and these beings may either remain attached to on© 
another so as to form a colony, or may become detached to 
lead independent lives. In either case, the term " individual " 
can only be properly applied to the whole assemblage of be- 
ings produced in this way, however much they may differ 
from one another in appearance, structure, or mode of life. 
Ill these cases, therefore, the individual may be, firstly, a 
single independent being — as, for instance, an Amceba, or an 
Infasorian such as I'aramoedwn ; secondly, a colony or com- 
posite organism composed of a number of more or less nearly 
simUar beings or zo(jids, produced by budding from a primi- 
tive zoOid — as, for instance, a sponge, or auch an Infusorian 
as EpistyKs; and thirdly, an assemblage of zoOids produced 
by budding or fission from a primitive being, but not neces- 
sarily remaining connected with one another or eshibiting 
any common features of liteness, as we shall see is the 
case in many of the Hydrozoa. Lastly, cases may occur in 
wliich the individual consists partly of similar zoOida which 
remain permanently connected with one another, and partly 
of dissimilar zooids which are detached to lead an independent 
life, al! alike being the result of the development of a single 

Zo&id (Gr, zo6n, animal ; eldos, form). — The term "zoBid" 
is indifferently applied to all the more or less completely in- 
dependent beings whiSh are produced by budding," or by 



ibyGoogle 



56 INVERTEBEATE ANIMALS. 

cleavage from a primitive organism. It doea not matter, 
therefore, for the purposes of this definition, whether these 
beings remain permanently attached to the original organism, 
or whether they are finally separated to enjoy an independent 
existence. 

Mydrosoma (Grr. hxtdra, a water-serpent; soma, body), — 
The term " hydrosoma " is one which is very conveniently ap- 
plied to the entire organism in any Sydrozoon, whether this 
be simple, or whether it be composite and made up of a num- 
ber of connected zoOids. 

Foiypite. — That portion of any HydrozoSn which ia con- 
cerned with the process of digestion, or, in other words, the 
"alimentary region," is termed tbe "polypite" — the more 
generally current term of " polype " being now restricted in 
meaning to the same region in the higher Ccdenterata {Ac- 
tinozoa). In such of the Mydrozoa as the fresh-water polype 
or Hydra, in which the hydrosoma is simple, the whole or- 
ganism is termed a polypite ; but the term is more generally 
employed to indicate the nutritive zoOids of any compound 



Gcmosarc. — Tlie term "cceoosarc" (Gr. kotnos, common; 
sarx, flesh) is employed to designate the common trunk or 
flesh by which the separate polypites of any compound Ily- 
drozoon are united into a single organic whole. 

Polypary. — The term "polypary" or "polypidom" is ap- 
plied to the homy op chitirious outer covering or envelope 
with which many of the Mydrozoa, are furnished. These terms 
have also been not imcommooly employed to designate the 
very similar structures produced by the much more highly or- 
ganized sea-mats and their allies {Polyzoa), but it is better to 
restrict their use entirely to the Ilydrozoa. 
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DmsroNS or the Hybeozoa. 

The Hydrozoa aro divided into four great divisions, each 
of which requires some notice, as presenting points of special 
interest. These divisions or sub-classes are known by the names 
of Hy<k-oida, Siphonophora, Diacophora, and I/ucemarida. 

SUB-CLASS UYDROIDA. 

This sub-class comprises all the sea-firs and their allies, 
commonly known to naturalists as the " Hydroid zoophytes," 
from their resemblance to the fresh-water polype {S^dra), 
which is also a member of this division. The JTydroida are 
defined by the fact that they consist of an alimentary reyion 
or " polypite" which is furnished with a mouth and prehensile 
tentacles at one end, and with an adherent disk at its other 
extremity. In some few cases the hydrosoma consists of but 
one such polypite (as in the Hydrida and some of the Co- 
rynida) ; but generally the hydrosoma is composed of a 
greater or less number of similar polypites all united by a 
ccenosarc or common trunk (as in the majority of the Corynida, 
and in the Sertidarida and Campanviariaa), In the great 
majority of cases, also, the hydrosoma is not unattached, but 
is fixed to some solid object by one extremity. The Hydroid 
zoophytes exhibit three principal types of structure, which 
constitute so many orders. 

Ordek X Hydeida. — In the first order we have only the 
well-known fresh-water polypes or Sydrae, of which we may 
take the common green Hydra {H. viridis) as the type. This 
singular little creature may be found with a little trouble in 
most of our streams and pools, and it is quite visible to the 
naked eye, though it can only be satisfactorily examined lij 
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the help of the microscope, "V^Tien uncontracted, the body of 
the Hydra is in the form of a cylindrical tube (Fig, 13, a, S), 
composed of the two fundamental layers, the ectoderm and 
endoderm, of which the former contains many thread-cells, 
and is likewise furnished with numerous green granules, stated 
to be identical with " chlorophyll," or the green coloring- 
matter of plants. At the base of the cylindrical body is a 
kind of diak-shaped sucker, by means of which the animal can 
attach itself at will to any foreign body. Its favorite position 
appears to be that of hanging head-downward, suspended 
from the stem of some water-plants It is not, however, per- 
manently fixed, but it can detach itself and change its place 
at will. At the opposite extremity of the body is placed the 
aperture of the mouth, surrounded by a circle of from five to 
<ifteen small tubular filaments, which are termed the " tenta- 
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cles " (Fig. 13, 6). Each tentacle consists of a tubular prolon- 
gation of both ectoderm and endoderm, and endoses a canal 
which opens at its base into the general cavity of the body. 
The ectoderm of the tentacles is richly fumish«id with thread- 
cells, and they are also well supplied with muscular fibres. 
They exhibit the most extraordinary contractility, being capa- 
ble of retraction till they appear as nothing more than so 
many little warts or tubercles, and of being extended to a 
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length -whicli is in some species many times longer than the 
body itself. (In Hydra fusca the tentacles can be protruded 
to a length of more than eight inches.) The tentacles are the 
organs by means of which the Hydra obtains its food, con- 
sisting chiefly of minute aquatic organisms, such as small 
worms, insects, Crustacea and Botifera, These are seized 
by the tentacles and gradually drawn into the mouth ; but in 
addition to this merely mechanical action, the tentacles ap- 
pear to exercise a benumbing or even fatal influence upon the 
animals grasped by them — this being apparently due to the 
thread-cells with which they are furnished. The mouth in 
the Hydra opens directly into a capacious cylindrical cavity, 
which is excavated along the whole lenglh of the body, and 
which is both the body-cavity and the stomach in one. This 
cavity (Fig. 13, a, h) is filled with water derived from the 
exterior, and also with the nutritive particles derived from 
the food. Indigestible fragments appear to be rejected by 
the mouth, though an anal aperture has been asserted to be 

iircsent. There are no internal organs of any hind. Physio- 
ogicaily, therefore, the Hydra presents little advance upon 
the higher Protozoa, such as the Infusoria. There is a pei^ 
manent mouth, surrounded by permanent and special organs 
adapted for the seizure of food. There is also a permanent 
internal cavity for the reception and digestion of the food, 
but this is not shut off from the general cavity of the bodj'. 
There is no organ for the propulsion of the nutritive fluid 
through the body, no nervous system or organs of sense, and 
no special respiratory or excretory organs. Another and 
striking proof of the essentially low position of the Hydra in 
the animal scale is to be found in its extraordinary capacity 
of resisting mutilation, or, in fact, mechanical injury of any 
kind short of absolute annihilation. The briefest illustration 
of this fact is all that can here be given, but with that the 
name of Trembley of Geneva must be associated. This well- 
known observer, in a long series of experiments, most of 
which have been successffilly repeated by subsequent nat- 
uralists, discovered that the Hydra could be mechanically 
divided with a knife into any number of fragments, with the 
sole result that each and all of these possessed the power 
of developing themselves into fresh and independent polypites. 
Further, the animal could even be turned inside out, with 
a necessary transposition of the ectoderm and endoderm, 
without any apparent inconvenience or interference with its 
health. 
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Reproduction in tlie Hydra is effected non-sesually by 
gemmation, and sexually by the production of ova and sperm- 
cells ; the former process being followed in summer and the 
latter in autumn, few individuals appearing to survive the 
winter. In the first or non-sexual metiiod, the Hydra throws 
out one or more buds, usually from near tiie fixed extremity 
(B'ig. 13, c). These buds at first consist simply of a. tubular 
prolongation of the ectoderm and endoderm, enclosing a 
cavity wbich communicates with the general cavity of the 
body, A new mouth and tentacles are soon developed at the 
free end of this bud, and after a longer or shorter period the 
new Hydra, thus produced, is detached to lead an independent 
life. Each Hydra can produce many such buds during the 
summer season, and the liberated buds can also repeat the 
same process, so that in this way reproduction ia rapidly 
carried on. In the second or sexual method of reproduction, 
ova and sperm-cells are produced toward the winter in ex- 
ternal processes of the body-walL The spermatozoa are de- 
veloped in little conical elevations, which are produced near 
the bases of the tentacles ; and the ova are formed in much 
lai^er elevations, of which there is ordinarily but one, placed 
nearer to the fixed extremity of the animal (Fig. 13, h). When 
mature, the ovum is fertilized by the sperm-cells, both being 
set free into the water by the rupture of the body-wall. The 
embryo Hydra is at first covered with vibrating cilia, and 
swims freely about, until it meets with a suitable locaUty, 
It then fixes itself by one extremity, the cilia drop off, and 
a mouth and tentacles are developed at the free end of the 
body. 

Obdeb II, CORTNiDA. — In the second order of the Hydroid 
zoophytes, known as the Corynida or Ti^ularida., we have a 
number of organisms which in their essential structure are 
closely related to the Hydra, but which differ considerably 
in the nature of the reproductive process. All of them are 
marine, with the single exception of the genua Cordylophora, 
which inhabits fresh water. Some of the members of the 
order are simple, consisting of no more than a single polypite. 
In these cases there is an exceedingly close approach to the 
structure of the common Hydra, but the polypite is per- 
manently fixed without the power of voluntarily changing its 
place, wliile the reproductive process is considerably different. 
In the majority of the Corynida, however, the hydrosoma is 
compound, consisting of a greater or less number of separate 
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polypites or zooids, all connected with one another by a com- 
mon flesh or ccenosaro, and all fonning parts of a plant-like 
rooted colony. In some of the Gorynida the polypites are 
naked, but in most cases the coenosarc is protected by a 
horny-looking chitinous * envelope or " polyparj'," as in 
Tubtdaria indivisa (Fig. 14), In no case, however, is this 
liomy covering so prolonged as to 
form little cups in which each poly- 
pite is contained. It always stops 
short at the bases of the polypites, ' 
and in this way the Corynma can 
ways be distinguished from their n 
allies, the sea-firs {Sertularida). 

As a good example of the Cory- 
nida, the common pipe - coralline 
{Tubuiaria indivisa) may be taken. 
In this animal (Fig. 14) we have a 
gregarious zoophyte consisting of 
numerous clustered horny tubes, fixed 
by their bases to shells or atones, and 
inhabiting most seas. The tubes are 
usually nnbranched, though often con- 
siderably interwoven together. Each 
tube is filled with a soft, semi-fluid, 
reddish ccenosarc, and gives exit at 
its free estremity to a single poly- 
pite. The polypites are bright red in 
color, and are not retractile within 
their tubes, the homy polypary ex- 
tending only to their bases. The 
polypites are somewhat conical in ^ 
shape, the mouth being placed at the 
apox of the cone, and they are fumislied with two sets of ten- 
tacles. One set consists of numerous short tentacles placed 
directly round the mouth, the other is composed of from 
thirty to forty tentacula of much greater length arising from 
the polypite about its middle or near its base. Near the in- 
sertion of these tentacles the generative buds are produced at 
proper seasons. In Eudendrium, (the branched pipe-coral- 
line) the essential structure is much the same as in Ihibularia, 
but the hydrosoma is now truly compound, consisting of a 
number' of non-retractile reddish polypites, united by a cceno- 

* CMIitie is a Biibstanee which <s nptirly ullipd to horn, but ia dislinguiehea from it bj 




ibyGoogle 



62 INVERTEBRATE AKIMALS. 

aarc, which is furnished with a horny polj^pary, the whole 
colony assuming a singularly close resemblance to a plant. In 
Cordylophora — the only fresh-water member of the order— we 
find also a branched composite hydrosoma carrying numerous 
polypites, and having the ccenosarc defended by a horny sheath 
(Fig. 15, a, b). In Coryomorphti, finally, we have a type of the 




Fragment of the 



Corynida, in which the hydrosoma consists of no more than a 
single polypite, and there is no polypary. It is about four 
inches in length, and is fixed by filamentous roots to the bot- 
tom of the sea. It consists of a single whitish polypite, striped 
with pink, and terminating upward in a pear«haped head, 
furnished with two sets of tentacles, the shortest of which 
form a circlet round the mouth. 

As regards the generative process in the Corynida, it may 
be as well to consider the general phenomena of reproduction 
as carried on by all the Hydroid zoophytes, the general char- 
acters of the process being of a most remarkable nature. As 
has been already explained, the individual in the case of the 
compound Hydrozoa consists of an aggregation or colony of 
partially independent beings or zoBids, produced by gemma- 
tion or fission from a primordial organism. This is the case 
in all composite animals, such as sponges, sea-mata, corals, 
and many others. In many of the compound Hydrozoa, how- 
ever, the case becomes still further complicated. In many of 
. these organisms, namely, the zoOida differ very much from one 
another both in structure and in function. One set of zooids 
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is entirely devoted to the duty of providing food for the col- 
ony, and in these no reproductive organs are ever developed. 
These nutritive zotiids are all like each other in form, and the 
whole assemblage of them has been appropriately termed the 
"trophosome" (Allman), from the Greek trephOyl nourish- 
and soma, body. The colony or trophosome thus formed by 
the nutritive zooids can go on increasing by the production 
of fresh zooids for an almost indefinite period ; but in all cases 
there ijltimately comes a time when it becomes necessary to 
produce the essential elements of reproduction in order to 
secure the perpetuation of the species. The nutritive zooids, 
as just stated, cannot produce the ova and sperm-cells, being 
destitute of reproductive organs, and the colony is therefore 
compelled to produce a second set of buds, vfhich have the 
power of producing the essential elements of reproduction. 
These buds are collectively called the " gonosome " (Gr. 
gonoa, offspring ; and soma, body). The generative buds 
have the further peculiarity that not only can they produce 
the generative elements, but they are altogether unlike the 
nutritive zooids in appearance. This difference iu external 
appearance and in structure is sometimes so great as to lead 
to a most remarkable series of phenomena. In the simplest 
form in which these generative buds or " gonophores " appear, 
they have the form of mere protuberances of the ectoderm 
and endoderm (Fig. 16, a), enclosing a cavity derived from 
the body-cavity. In these buds the generative elements — 
ova and spermatozoa — are developed (Fig. 15, 5). In other 
instances, the generative buds have a more complicated struct- 




Fni. 16.— Generative buds or gonophoros of Uio ffi/rfrOMO diBirraniinaticatlj' repreaeoteif. 
a Simple Konopliorft conalsUna: merely of a protuberance of the cctnilcrm and endo- 

tached; d Free m^uBifbrra gonophore. 

ure. They consist now (Fig. 16, e) of a bell-shaped disk, 
which is attached by its base to the parent organism, and 
has its cavity turned outward (see also Fig. 15, c). From 
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the roof of tliis disk there is suspended a kind of handle, 
which corresponds to the clapper of the be!l, and is termed 
the " manuhrium " (Lai. for handle). From the fixed or proxi- 
mal extremity of the central process or manubrium proceed 
four canals, which extend to the margin of the hell, where 
they all open into a circular canal surrounding the mouth 
of the belL This bell-shaped reproductive bud may attain no 
higher development than this, and may remain permanently 
attached to the parent organism from which it is produced 
In other cases, however, a higher state of development i 
reached {Fig. 16, d). The generative bud or gonophore be- 
comes detached from its parent colony ; the manubrium or 
central process develops a mouth at its free extremity; the 
mouth of the bell becomes partially closed by an inward pro- 
longation or shelf, called the " veil ; " and a series of ten- 
tacles are developed from its margin. The generative bud, 
thus liberated, leads a wholly independent existence. The 
manubrium, having developed a mouth, assumes the func- 
tions of a true polj^ite, and its cavity acts as a digestive 
sac. The whole organism swims about freely, and has the 
power of assimilating food, and thus of attaining to a com- 
paratively gigantic size. This independent existence, how- 
ever, only goes on till such time as the elements of reproduc- 
tion can be produced. The ova and sperm-cells are developed 
in specialized portions of this generative bud, and then it 
ceases to exist. The ova, however, when fertilized, do not 
develop themselves into the free-swimming bell-shaped or- 
ganisms in which they were actually produced, but into the 
plant-like, rooted, and compound zoophyte, from which the 
generative buds were originally given forth. These free- 
swimming be!I-sliaped reproductive buds or gonophores, as 
we shall see, are identical structurally with the smaller forms 
of the so-called sea-jellies or Meduste ; and it is now known 
that most if not all of those Medusm, though originally de- 
scribed as distinct beings, are really nothing more than the 
free generative buds of the fixed Sydrozoa. We have here, 
then, an instance of what has been not quite appropriately 
called "alternation of generations." We have a compound 
fixed animal, in many respects comparable to a plant, pro- 
ducing a special series of buds which are devoted to the pro- 
cess of reproduction. These buds are cast off as independent 
beings to lead an independent life, and they are furnished 
with the necessary organs to preserve their existence till they 
are able to mature the reproductive elements. When once 
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able to consummate this, they die ; but the young to which 
they give origin are wholly unlike themselves. 'Hie young, 
namely, instead of being free-swimming "(nedusiform" beings, 
become developed into tiie fixed, plant-like colony from which 
the generative buds were originally produced. The term 
" alternation of generations " is not an altogether good one, 
and does not quite express the facts of the case. There is 
not any alternation of generations, but there is an alternation 
pf generation with gemmation or budding. The only true 
■Sfenerative act takes place in the reproductive zooid or gono- 
phore, in which the ova and sperm-cells are developed. The 
production of this gonophore firom the parent organism {tro- 
phosome) is a process, not of generation, but of gemmation 
or budding. The whole process, therefore, is, properly speak- 
ing, not an "alternation of generations," but an alternation 
of generation with gemmation. 

To recapitulate, then — the process of reproduction in the 
Hydroid zoophytes is carried on by means of reproductive 
buds or gonophores, which are produced at special seasons, 
and in which the reproductive elements are developed. These 
generative buds differ a good deal in their character, but three 
chief kinds may be distinguished: 1. Simple closed sacs or 
protuberances formed out 'of both ectoderm and endoderm, 
and having the special elements of generation developed in 
their interior. 3. Bell-shaped buds, attached to the parent 
colony by their bases, and having a central process or manu- 
brium, which is furnished with a mouth and central cavity, 
from which there is given off a system of canals to ramify in 
the substance of the disk. The reproductive elements arc 
developed either in the walls of these canals or between the 
ectoderm and endoderm of the manubrium. From the resem- 
blance of these buds in anatomical structure to the so<ialled 
sea-jellies or Medvsce, they are usually spoken of as "medusi- 
form gonophores," or simply as " medusoids." In this form, 
however, though highly organized, the buds never become de- 
tached from the parent colony. 3. Buds which become de- 
veloped into bell-shaped medusiform bodies exactly similar in 
structure to the last, but detached to lead an independent ex- 
istence. These free-swimming medusiform gonophores are 
anatomically indistinguishable from ordinary Meduam ; and it 
is now known that most, if not all, of the so-called " naked- 
eyed " MeduscE, are really the_ detached generative buds of 
other orders of Sydrozoa. The special elements of reproduc- 
tion are developed in these detached buds, but the resulting 
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embryos are not developed into Mednsw, such as produced 
the ova and sperm-cells, but straightway grow up into tho 
plant-like, sexless colony, from which the medusiform gono- 
phores were originally budded forth. In these cases, there- 
fore, the indiridual Hydroid consists of a fixed, rooted colony 
or trophosome, producing fresh zoiiids by a process of budding, 
but incapable of producing the essential elements of reproduc- 
tion, togetherwith a free and independent series of generative 
buds, or gonosome, in which the elements of reproduction arc 
developed. 

Ordek m. SEETtrLAEiDA. — In this order of the JTi/droida 
we have the most familiar and best known of all our zoophytes 
— namely, the sea-firs and their allies. The horny, plant-like 
polyparies of the Sertulanda are familiar to every visitor at 
the sea-aide, and by those unacquainted with their true 
nature they are almost universally set down as sea-weeds. 
The Sertulofida are very closely allied to the compound forms 
of the Corynida, resembling them in being rooted, plant- 
like colonies, composed of a number of similar polypitea or 
zoiiida, produced by budding from a primitive zooid. As in 
the Tubulariaas among the Corynida, the whole ccenosai'c is 
enveloped in a homy or chitinous envelope or polypary 
(Fig. 17, a), and this is the structure which is most familiarly- 
known to sea-side observers. The Sertidarida, however, are 
distinguished from the Corynida by two points: Firstly, 
none of the Sertidarida are simple, but are all compound, con- 
sisting of more or less numerous polypltes, united by a 
branched coenosaro. Secondly, the polypary of the Sertularida 
differs from that of the Corynida in not simply reaching to 
the bases of the polypites, but in being prolonged to form a 
ninnber of little cups or " hydrothecse " (Fig. 11, a, b) within 
which the polypites are lodged. Each polypite has a cup of 
its own, within which it can entirely withdraw, and from 
which it can protrude its free extremity. 

The polypites of the Sertularida have essentially the same 
structure as m the Corynida, and eaeh may be compared to a 
little -^^tfra. Each, namely, consists of a soft, contractOe, and 
extensile body, which is furnished at its free extremity with 
a mouth and a circlet of prehensile tentacles, richly furnished 
with thread-cells. The mouth opens into a chamber which 
occupies the whole length of the polypite, and which is to be 
regarded as the combined body-cavity and digestive sac. At 
its lower end this chamber opens by a constricted aperture 
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Hit ) J. tubulir cavity, wiiith la everywhere excavated in the 
substance of the ccenoharc {Fig. 17, 5). The niitricDt parti- 
cles obtained by eJth pol^pite thus serve for the support of 
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the entire colony, and are distributed throughout the entire 
orffanism. The nutritive fluid prepared in the interior of each 
polypite gains access through the above-mentioned aperture 
to the cavity of the ccenosarc, which, by the combined exer- 
tions of the whole assemblage of polypitea, thus becom_ea 
filled with a granular nutritive liquid. This coenosarca! fluid 
is in constant movement, circulating through all parts of the 
colony, and thus maintaining its vitality — the cause of the 
movement being probably due, in part, at any rate, to the 
existence of vibrating cilia. 

The process of reproduction varies somewhat in different 
members of the order. In all alike, however, the ordinary 
polypites are incapable of producing the essential elements 
of reproduction, and for this purpose special generative buds 
have to be developed. In the typical Sertularians the re- 
productive buds are developed at certain seasons in great 
numbers, and they constitute what used to be called the 
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n. vesicles " or " capsules." These reproductive buds 
are enclosed in horny cups or receptacles, often of a very 
beautiful shape, and much larger in size than the ordinary 
hydvothecne (Fig. 17, », «'). Each bud may be compared to a 
polypite destitute of a mouth and tentacles, being composed 
of a protuberance of the ectoderm and endoderm, containing 
a prolongation from the general cavity of the cosnosarc. The 
essential elements of reproduction are developed between the 
ectoderm and endoderm of the bud, and tlie resulting embryo 
is finally liberated as a little oval body covered with, cilia, 
with which it swims freely about, until it meets with a suitable 
locality, when it fixes itself, loses its cilia, and by budding 
soon develops another colony. 

In one division of this group — often described as a separate 
order, under the name of Campamdarida — some points of 
difference are observable. In the typical Sertularians the 
little cups or hydrothecas for the polypites are placed on the 
sides of the branches, and they are not stalked (Fig, 17, a'), 
while the reproductive elements are pro- 
^ duced in fixed buds, lalhe Campanu- 

'' hrida, on the other hand (Fig. 17, 5), 
the hydrothecEe are supported upon 
stalks, and are placed at the ends of 
the branches, while the generative buds 
are usually detached to lead an inde- 
pendent existence. In these forms the 
reproductive zoOids or gonophores start 
as simple buds ; but they become grad- 
ually developed into free - swimming 
medusoids, such as have been before 
alluded to. Bach medusoid consists of 
a little transparent, glassy bell, from the 
under surface of which there is sus- 
pended a modified polypite, in the form 
of a manubrium (Fig, 18). The whole 
organism swims gayly through the 
water, propelled by the contractions of 
the bell or disk ; and no one would sus- 
pect now that it was in any way related 
to the fixed, plant-like zoophyte from 
Fig. :o— r.om.piiniv of oao of "^^"^^ '^^^^ originally budded off. The 
the t'a^p^aa/andu. central polypite is furnished with a 
mouth at its distal end, and the mouth 
opens into a digestive sac. From the upper end of this stomach 
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proceed four radiating' caDais which extend to the margins of 
the bell, where they all open into a circular vessel which runs 
round the mouth of the bell. From the circumference of the 
bell hang also a number of delicate extensile filaments or 
tentacles; and tbe margin is further adorned with a series of 
brightly-colored spots, which are probably rudimentary organs 
of vision and hearing. The mouth of the bell is partially 
closed by a deUcate transparent membrane or shelf, the so- 
called " veil." Thus constituted, these beautiful little beings 
lead an independent and locomotive existence for a longer or 
shorter period. Ultimately ova and sperm-cells are produced 
in special organs, which are developed in the course of the 
radiating canals of the disk. The resulting embryos are minute 
free-awimming bodies, covered with cilia, which finally fix 
themselves, and develop into the plant-like colonies from which 
the medusoids were derived. 
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SUB-CLASS SIPHONOPUORA. 

Toe animals included under the name of Slphonophora 
are often known as the " oceanic Hydiozoa," as they are not 
fixed like the Hydroid zoophytes, but are found swimming at 
the surface of the open ocean, far from land. They are all 
singularly delicate and beautiful organisms, but they require 
little notice here. They are distinguished from the Hydroid 
zoophytes, which we have been just considering, by the fact 
that the hydrosoma consists of numerous polypites, united by 
a common trunk or ccenosarc, which is very rarely branched, 
and is never furnished with any bard outer covering or poly- 
pary, so that it remains permanently soft and flexible through- 
out life. As in the Sydroida, the reproductive organs are in the 
form of special buds, which have the power of developing the 
essential elements of generation, and which are often detached 
as free-swiraming medusoids. 

The entire siib-class is divided into two great groups or 
orders, and it will be sufficient to consider shortly a typical 
form of each. In the first order — that of the CatycopkoridcB — 
the ccenosarc is thread-like, cylindrical, unbranohed, and highly 
contractile. The cavity of the ccenosarc dilates at one end 
into a peculiar ciliated chamber, which is the distinguishing 
character of the order. The name of CalyeophorMoe (Gr. 
kalux, a cup ; and phero, I bear) is, however, derived from 
another circumstance — namely, that one end of the cosnosarc 
is always furnished with a series of bell-shaped disks, which 
are known as "swimming^bells" or " nectocalyces." Each 
nectocalyx consists of a beU-shaped cup (Fig. 19, u, u'), at- 
tached by its base to the ccenosarc, and having its cavity 
turned outward. In the substance of the disk run at least 
four canals, which communicate with the cavity of the cceno- 
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Bare, and proceed to the margin of the bell, where they all 
open into a circular vessel. The mouth of the bell is also 
furnished with a delicate ledge, which runs round its oircutn- 
ference, and is known as the " veO," The structure, there- 
fore, of the nectocalyces is very similar to that of an ordinary 
medusiform gonophore, the chief difference being the absence 
in the former of the central polypite or 
manubrium. The nectocalyces are highly 
muscular, and have the power of alter- 
nately contracting and dilating, thus driv- 
ing the whole organism through the water. 
In Diphyes (B^s. 19), which may be taken 
as the type of the group, there is a long 
thread-like trunk or" ccenosarc" (c) which 
bears at intervals minute polypites, each 
of which is protected by a dehcate glassy 
overlapping plate, termed a " bract," At 
one extremity of the coenosarc are two 
large mitre -shaped swimming -bells or 
nectocalyces {v, v'), by the contractions 
of which the entire organism is driven 
through the water. The ccenosarc with 
its polypites can be withdrawn, when 
necessary, into a kind of chamber be- 
tween the two swimming - bells ; but 
when unretracted the organism often 
attains a length of several inches. Its 
name is derived from the fact that the 
two nectocalyces can be separated from 
the coenosarc by the least touch, and it 
was for this reason originally supposed 
to consist of two distinct animals loosely 
attached to one another. The tentacles 
are comparatively speakingof great length, 
and are furnished with lateral branches 
containing numerous thread-cells. The 
mouths of the polypites are not pro- 
vided with a circlet of tentacles, but each 
tentacle arising from near its base. The reproductive organs 
of the CalyeophoriSfe are in the form of medusiform gono- 
phores, which are budded from the stalks of the polypites, 
and which are mostly detached to lead an independent ex- 
istence. 

The second order of the oceanic Hydrozoa is that of the 
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Physophorid<je (Grr.physa, a bladder; and phero, I carry), of 
which the most familiar, though not the most typical, example 
is the Portuguese man-of-war, Phyaalia utrieulus (Fig, 20, a). 
The Physophoridce are distinguished from the organisms 
which we have been just considering by the fact that one 
extremity of the ccenosarc is developed into a structure which 
is known as the "float" or "pneumatophore" {Gt. pneMma, 
air; and phero, I carry). The float contains a larger or 
smaller sac, composed of some elastic, homy substance, proba- 
bly chitine, often communicating with the exterior by one or 
more apertures, and always more or less completely fiUed with 
air. This sac is enclosed in a reflection of the ectoderm and 
endoderm, so that it is really outside the cavity of the cceno- 
sarc The function of the float is no doubt that of enabling 
the organism to maintain its position at the surface of the 
sea. As in the CalycophoridcB, the ccenosarc is always per- 
fectly flexible, contractile, and soft, and is never furnished 
with any chitinoua covering or polypary. There may or may 
not be swimming-bells, and the tentacles are very complicated 
in structure, and often attain a length of many inches. The 
polypites present no special points of interest, but are often 
furnished with the protective plates, which have been already 
spoken of as " bracts," 

As a good example of the Phyaophoridm, the Portuguese 
man-of-war may be taken (Pig. 20, a). It is composed of a 
large, spindle-shaped float, often of several inches in length, 
upon the under surface of which are arranged a number of 
polypites, together with highly-contractile tentacles of great 
length, and reproductive organs. The tentacles are richly 
furnished with thread-cells ; and it has the power of stinging 
very severely. Physolia is commonly found floating at the 
Biufece of tropical and sub-tropical seas, and fleets of it are 
occasionally driven upon temperate shores. 

Another very beautiful member of the Physophoridce is 
the YekUa vulgaris, which occurs abundantly in many seas. 
It is about two inches in length by one and a half in height. 
One end of the ccenosarc is greatly expanded and flattened out 
into an oval disk, which carries a vertical triangular crest, 
running obliquely across its upper surface (Fig. 20, b). The 
whole organism is semi-transparent and of a beautiful bluish 
color, and it floats at the surface of the sea with the vertical 
crest exposed to the influence of the wind, and thus ofGciaticg 
as a sail. From the under surface of the disk are suspended 
the various appendag*® of the organism, consisting of a single 
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large central polypite, a number of processes, like polypites 
in shape, and carrying niedusiform gonophores; and lastiy, a 
single series of tentacles which arise from the coenosarc quite 
independently of the polypites. 
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CHAPTER VII. 

SUB-CLASS CISCOPHORA. 

The group of Hydrozoa here spoken of as Dhcophora or 
Medusidaa comprises most of the familiar organisms known to 
visitorB at the sea-side as sea-jellies, jelly-fishes, or sea-nettles ; 
this last name being derived from the power possessed by 
some of them of stinging pretty severely in virtue of the pos- 
session of numerous thread-cells. Under the name, however, 
of sea-jellies are included a number of large organisms, ex- 
tremely common at certain seasons in our seas, but now 
known to be properly referable to another group of the Hy- 
drozoa (viz., Lucernarida). It is these large forms which 
alone possess any power of stinging man, and to these the 
term of " sea-nettles " ought properly to be restricted. They 
are better known under the name of " hidden-eyed " Medusm^ 
applied to them by the late Edward Forbes. Under the 
present group of the IHscophora are included only a number 
of small jelly-fishes, foimd in great abundance at certain 
times, floating in the open sea, but nevertheless very little 
known to the general public in consequence of their very 
minute size. These delicate and diminutive organisms were 
originally described by Edward Forbes, for reasons to be 
immediately stated, as the "naked-eyed" Jffedtesee. It is now 
known, however, that most of these naked-eyed Medusae are 
in reality nothing more than the free-swimming generative 
buds, or medusiform gonophores, produced by budding from 
so many of the other Si/drozoa, and then detached, as we 
have formerly seen, to lead an independent existence. That 
this is their true nature, is shown by the fact that the eggs 
which they produce develop themselves, not into fresh Me- 
4us€B, but into various other Ibrms of Hydrozoa, which are 
Under these circumstances, therefore, the 
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naked-eyed Medusm which can be shown to be of this nature, 
cannot, of course, be regarded as distinct animals at alL Still, 
there remains a considerable group of naked-eyed Medus<B to 
which this explanation has not hitherto been shown to apply. 
In most of the members of this group the course of dev^op- 
ment is quite unknown, and therefore their true nature is a 
matter of doubt. Two families, however, of this group are 
stated to produce eggs which develop directly into Medvs<B, 
such as those which gave origin to the eggs ; and, if this ob- 
servation is confirmed, these, at any rate, niust be regarded 
as true Dtscophora. In the mean while, therefore, it is best 
to regard the group of the Discophora or Mednsldm as of a 
questionable nature, and as including forms which may ulti- 
mately be shown to be nothing more than the detached zoOids 
of other Hydfozoa, Under these circumstances it will not be 
requisite to do more than very brieily to describe the anatomical 
structure of a typical Meduaid ; and this is the less necessary, 
since it wUl be seen at once that the structure is in all essential 
respects identical with what has been already described in 
speaking of the free raedusiform gonophores of the Hydroid 
zcKJpbytes. 

In all the naked-eyed Meduam, of which Modeeria (Fig, 21) 




Fio. 21.— Katcd-eyed Meduae. a Mrata (imimifa-i b Shafiria fonmsn : c Pohjti. 



HcsledbyGoOgle 



76 INVERTEBRATE ANIMALS. 

may be taken as a good example, the general structure is briefly 
as follows ; The hydrosoma is perfectly free and is oceanic, 
being found swimming near the surface in the open ocean. 
The body is composed of a thick, transparent, gelatinous disk 
or swimming-bell (the nectocalyx), by the pulsations of which 
the animal is driven through the water. From the under 
surface or roof of this bell-shaped disk is suspended a single 
polypite (the manubrium), which bears to the disk the same 
relative position as the clapper does to an ordinary hand- 
bell. Tlie distal end of the central polypite is furnished with 
a mouth, the lips of which are often prolonged into four 
longer or shorter lobes or processes. The mouth opens into a 
digestive sac, occupying the axis of the polypite ; and from 
the upper end of this proceed four radiating canals, which 
run in the substance of the disk to its margin, where they are 
united by a single circular vessel, the whole system con- 
stituting the so-called " gastro-vasoular " canals. The margin 
of the bell is narrowed by a kind of shelf, which runs round 
the whole circumference, leaving a central aperture, and which 
ia known as the "veil." From the margin of the disk hang 
more or less numerous tentacles, which are hollow processes 
of the ectoderm and endoderm, and wliich communicate with 
the circular vessel of the canal-system. Also round the cii^ 
cumference of the swimming-bell are disposed certain " margi- 
nal bodies," which are doubtless organs of sense. Some of 
these marginal bodies consist of little rounded sacs or " vesi- 
cles," filled with a transparent fluid, and containing mineral 
particles, apparently of carbonate of lime. These are probably 
rudimentary organs of hearing. Others of the marginal bodies 
are in the form of httle masses of coloring-matter or pigment, 
often of a strikingly bright color, enclosed in distinct cavities. 
These are known as the "pigment-spots" or "eye-specks," 
and they are believed to be rudimentary organs of vision. 
They are placed in a conspicuous and unprotected position on 
the margin of the disk, and hence these organisms were termed 
" naked-eyed " Medusm by Edward Forbes. The reproductive 
organs are mostly developed in the course of the radiating 
gastro-vascular canals, but are sometimes situated in the walls 
of the central polypite. The above is the essential structure 
of any of the ordinary naked-eyed Medvs<B ; and it is hardly 
necessary to remark that it is exactly similar to what has 
been fortnerly described as distinguishing the undoubted free- 
swimming reproductive buds of the fixed Sydrozoa. The 
probabilities, therefore, as before said, are in favor of the belief 
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that the entire group of the Discophora will have to be ulti- 
mately done away with. 

The naked-eyed Meduice are all exceedingly elegant and 
attractive, when examined in a living condition, resembling 
little bells of tlie most transparent glass, adorned here and 
there with the most brilliant colors. They occur, in their 
proper localities and at proper seasons, in enormous numbers, 
and they constitute one of the staple articles of diet to the 
Greenland whale. They are mostly phosphorescent, or capa- 
ble of giving out light at night, and they appear to be one of 
the principal sources of the luminosity of the sea. It does not 
seem, however, that they phosphoresce unless disturbed or 
irritated in some waj'. 
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SUB-CLASSES LUCERNARIDA AND GRAPTOLITID^. 



The last remaining group of the living Sydrozna is tliat 
of the IJueernarida (Lat. lucerna, a lamp), under which name 
are included a considerable number of forms, differing from 
one another to a great extent in exter- 
nal appearance. It will be sufficient 
hero to describe one or two typical 

One group of the Luccmarida is 
represented by lAieernaria itself (Fig, 
33), ■which occurs not uncommonly in 
temperate seas. In iMcejviaria we have 
a cup-shaped body, of a more or less 
gelatinous consistence, usually found 
attached by its smaller extremity to 
sea-weeds, this end of the body being 
developed into a small sucker. Like 
the Hydra, however, iMcemaria is not 
fixed, but can detach itself at will, and 
can even swim freely by means of the 
alternate contraction and expansion of 
the cup-shaped body (or " umbrella," 
as it is termed). Round the margin of 
the cup are tufts of short tentacular 
processes, and in its centre is fixed a 
single polypite, furnished with a four- 
lobed mouth. The essential elements 

1 of reproduction are developed within 

^ ^ the body of Zucemaria itself, and it 
does not give off any generative buds, 
s so commonly occurs in other forms. 
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Another type of the Lucemarida is represented by the 
organisms formerly termed " hidden -eyed" Medusce, and 
familiarly known as sea-nettles or sea-blubbers. Every sea- 
side visitor is familiar with the great circular disks of jelly 
which are left upon the sands by the retreating tide during 
the summer months ; and many must have noticed on a calm 
day the large, transparent disks of these same creatures slowly 
flapping their way through the water. Not a few, too, must 
have learned by painful experience that some of these singular 
organisms have the power of stinging most severely, if in- 
cautiously handled. The forms included under the old name 
of " covered-eyed " MedusCB difFer considerably from one an- 
other in their nature, and even in their structure, though they 
all present, in spite of their much greater size, a decided re- 
semblance to the naked-eyed Medmm already described. Some 
of the covered-eyed MeduscB produce eggs which are developed 
into organisms resembling themselves; but most of them are 
now known to be nothing more than the freeiswimming re- 
productive buds of minute rooted Sydrozoa. It will be suf- 
ficient here to describe shortly the life-history of one of the 
more remarkable forms of this section. 

If we commence with the young form of one of these sin- 




^ ITydra-tuta Ix 
duMd by fisBlon 



Tiaridn (ffSfj/snorn), a Clllatod embryo; 6 Rvdra-tubn ; 

31 in which llie cWiiire hns proooeded 'still farther, and a fresh gLrcle 
m prodDced near the base; /Free'swlmmiiif, generatlre zoSld, pro- 
^m tJie nydro-tuba. 



gular animals, we find that the egg gives origin to a little 
microscopic ciliated body, which swims about freely by means 
of the cilia with which its surface is covered (Fig. 23, a). 
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This little body, on finding' a suituble locality, fixes itself by 
one end, and develops a mouth and tentacles at the other, 
when it is known aa a "Hydra-tuba" (Fig. 23, b), from its 
resemblance in shape to the fresh-water polype or Hydra. 
The Hydra-tuba is only about half an inch in height, and it 
possesses the power of forming large colonies by gemmation, 
while it is incapable of developing the essential elements of 
reproduction. Under certain circumstances, however, repro- 
ductive zooids are produced by the following singular process: 
The Hydra-tuba becomes elongated, and exhibits a number 
of transverse grooves (Fig. 23, c). These grooves go on get- 
ting deeper and deeper, and become lobed at their margins, 
till the whole organism assumes the aspect of a pile of saucers 
placed one above the other {Fig. 23, dV The tentacles now 
disappear, and a fresh circle is formed close to the base of the 
Hydra-tuba (Fig. 23, e). Finally, all the saucer-like segments 
above the new circle of tentsicles drop off one by one, and pre- 
sent themselves in the form of independent, free-swimming 
MeduscB (Fig. 23,/). These reproductive zoOids or MedvscB 
eat voraciously, and increase rapidly in size, becoming not 
only comparatively, but often actuaDy, gigantic. Thus, in 
one case the reproductive zoOid has been known to attain a 
size of seven feet across, with tentacles fifty feet in length, 
though the fixed organism from which it was produced, was 
no more than half an inch in height. These gigantic repro- 
ductive bodies live an independent life until they are able to 
produce ova and sperm-cells, when they die. The fertilized 
egg, however, develops itself, not into the monstrous organism 
by which it was produced, but into the little fixed sexless 
Hydra-tuba, from which the generative bud was detached. We 
have, then, here another instance of the so-called " alterna- 
tion of generations." 

It is now known, then, that most of the great sea-blubbers 
which abound around our coasts in summer are really the 
detached reproductive buds of minute fixed Hydrozoa ; and it 
may be as well to mention the leading features in their struct- 
ure, and the points by which they may be distinguished from 
the smaller or naked-eyed MedvMe, to which they have a de- 
cided superficial likeness. In the commonest forms of these 
zoOids (such as the familiar sea-blubbers, Aurelia and Cyaned), 
the body consists of a great bell-shaped gelatinous disk or 
" umbrella," from the roof of which is suspended a single 
polypite, the lips of which are extended into lobcd processes, 
often extending fur below the margin of the disk (Fig. 24). 



ibyGoogle 



LUCEKNARIDA AND GEAPTOLITID.E. 81 

The digestive cavity of the polypite gives out from its upper 
extremity a series of radiating gastro-vascular canals, which 
proceed toward the margin of the umbrella. These radiating 
canals are never less than eight in number, and on their way 
to the margin of the disk they break up into a great number 
of smaller vessels, which unite with one another to form a 
complicated netrworb. At the margin of the bell tbey all 




'il/soscclla). (.lfl(;r 

open into a circular vessel, which in turn sends processes into 
a series of marginal tentacles, which are often of extraordinary 
length. Besides the tentacles, the margin of the umbrella is 
provided with a number of marginal bodies, each of which 
consists of a little collection of pigment or " eye-speck," and a 
little sac filled with fluid and containing mineral particles. 
Each of these marginal bodies is covered and concealed from 
view by a kind of hood derived from the ectoderm. Hence 
the name of " hidden-eyed " Medusce applied to these forms, 
in contradistinction to the " naked-eyed " Medusw, in which 
the eye-specks are exposed to view. The reproductive organs 
are usu^ly of some bright color, and " form a conspicuous 
entes shining through the thickness of the disk." 
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From the above description it will be evident tliat there is 
considerable resemblaoce between the so-called " hidden-eyed" 
Medus(B, or the reproductive zoiiids of many of the Lucemarida, 
and the medusiform gonophores of so many of the Hydrosoa, 
as well as the true Dmcophora or naked-eyed Medus<B, The 
differences, however, between them are these: The swimming- 
disk of the naked-eyed Meduste and of any medusiform gono- 
phoro is furnished at its mouth with an internal shelf or veil ; 
tiie radiating gastro-vaseular canals are very rarely more 
than four in number, and, should they subdivide (as in rare 
cases they do), they do not form an intricate net-work; lastly, 
the marginal bodies are simply placed in an uncovered 
situation on the margin of the disk. In the reproductive 
zooids of the IJucemarida or hidden-eyed Medttsw, on the 
other hand, the 8wimming4isk or umbrella is destitute of 
any marginal shelf or veil; the radiating gastro-vaseular 
canals are never less than eight in number, and they split up 
into numerous branches, which unite to form an intricate net- 
work ; lastly, the mar^nal bodies are concealed from view by 
a kind of hood. 

There still remains another family of the I/ueernarida (viz., 
Mhizostomidix) in which the reproductive process is carried on 
in the same way as in the forms we have just described, but 
the structure of the reproductive zoDids is somewhat different. 
In these, as in Jihizostoma, the generative zoOid is much 
like those just mentioned ; but the umbrella is destitute of 
marginal tentacles ; and, in place of a single central polypite, 
there hangs from the under surface of the umbrella a com- 
plex tree-like mass, the branches of which end in, and are 
covered by, small polj'pites and club-shaped tentacles. The 
umbrella itself docs not exhibit any difference as compared 
with those already described, but the ova are produced in 
a genital cavity which is placed on the under surface of the 
umbrella. 

Sub-class Graptoiit[d«. — Before leaving the Hydroioa, it will be as well 
to notice very briefly a group of eitinct orgaDiaras which certainly belong to 
this class, and wbicb probably find their nearest allies in the Seriwlarians. 
The OraplolitidiE are without a single living representatire, and their anti- 
quity is, indeed, very high, since it is doubtful if they ever pass above the 
group of rockB known to geolo^ats oa the Silurian formation. The most 
typical forma of the group agree with the living Sectulariacs in having a 
horny polypary, and in having the polypitea protected by little horny cupa 
or hydrothecfc, all springing from a common flesh or ctcnosarc. The typical 
Graptohtes, however, d^er from all known Sectularians in the fact that the 
hydrosoma was not fixed to any solid object, but was permanently free. 
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Most of tlicin, alsu, exhibit a, very anomalous and remarlsablu structure, 
termed the "solid aiis." This is a, peculiar fibrous rod, which no doubt 
served to strengtiien the polyparj, and which is often prolongeii beyond one 
or both ends of the poljpary in a naked state. Thece is also good evidence 
that the reproductive process in the (Sraptoliles was earned on in a manner 
somewhat eimilar to what is Been in the liyuig Sertulariana — namely, by 
means of reproductive bud3 enclosed in horny capsules. Graptolites moat 
uEually present themselves as beautiful silvery impreaeioas, covering the BUi^ 
face of the black shales of various parts of the Silurian system. 
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CHAPTER IX. 

ACTIKOZOA. 

The second great class of the Ccelenterata is that of the 
Actinosoa, comprising the sca-ancmones and their allies, the 
corals, the sea-pens, the sea-shrubs, and various other organ- 
isms. They are all defined as Ccelenterate animals in which 
there is a distinct digestive sac which opens below into the 
general cavity of the ho^, but is iievertfielese separated from 
the body-vjalla by an intervening space, which is divided into 
a number of vertical compartments by a series of partitions 
or " mesenteries," to the faces of which the reproductive organs 
are attached. The Actinozoa (Fig. 13), therefore, differ fun- 
damentally from the Myd/rozoa in this, that whereas in the 
latter the digestive cavity is identical with the body-cavitj', 
in the former there is a distinct digestive sac, which opens 
truly into the body-cavity, but is nevertheless separated from 
it by an intervening space. The result of this is, that while 
the body of a Hydrozoon exhibits on transverse section a 
single tube only, formed by the walls of the combined diges- 
tive and somatic cavity, the body of an jlctinozoon exhibits 
two concentric tubes, one formed by the digestive sac and the 
other by the general walls of the body (Fig. 25, A). Further, 
in the Actinozoa the reproductive oi^ans are always internal, 
and are never in the form of external processes of the body- 
wall as in the Hydrozoa. 

In their minute structure the tissues in the Actinozoa dif- 
fer little from those of the Mydrozoa, The body is essen- 
tially composed of two fundamental layers — an ectoderm and 
endoderm ; but there are often well-developed layers of mus- 
cular fibres, somewhat obsciuing this simplicity of structure. 
Thread-cells are most commonly present in abundance. Cilia 
are very generally developed, especially in the endoderm lining 
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the body-cavity, where they serve to maintain a circulation of 
the contained fluids. The only digestive apparatus consists 
of a tubular or sac-like stomach, -which opens inferiorly 
directly into the body-cavity (Fig. la, <>), and communicates 




with the outer world through the mouth. A nervous system 
has not been shown to exist in any of the A.otinozoa except 
the Ctenophora, and in none are there any traces of a circula- 
tory system. Distinct reproductive organs are always present, 
and true sexual reproduction occurs in all the members of the 
class. In a great Inany forms, however, of the A-Ctinozoa we 
have composite organisms or colonies, produced by a process 
of " continuous " gemmation or fission, the zoOids thus origi- 
nated remaining attached to one another. In these cases — 
as in most of the corals — the separate beings or zoBids thus 
produced are termed " polypes," the term " polypite " being 
restricted to the ffydrozoa. In the simple Actinozoa, how- 
ever, such as the sea-anemones, the term "polype" is applied 
to the entire organism, as consisting of no more than a single 
alimentary region. It follows from this, that the entire body 
of any ActinozoSn may be composed of a single polype, or 
of several such produced by budding or cleavage, and united 
to one another by a common connecting structure or ccenosarc. 
Most of the Actinozoa are permanently fixed, like the corals ; 
some, like the sea-anemones, possess a limited amount of 
locomotive power ; and one order, the Ctenophora, is com- 
posed of highly-active free-swimming organisms. Some of 
tliem are unprovided with hard structures or supports of any 
kind, as the sea-anemones and Ctenophora, ' but a great many 
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secrete a calcareous or horny skeleton or framework whicli is 
Imown as the " coral " or " coraUum," 

The A-Ctinozoa are divided into fonor orders — viz., the Zoan- 
tharia, the Alcyonaria, the Bugosa, and the Ctenophora. 

Obdek L ZoiNTHAEiA (Gr. zoiJTi, animal ; anthos, flower). 
— The Zoantharia comprise those Actinozoa iu which the 
polypes are furnished with smooth, simple, usually numerous 
tentacles, which, like the mesenteries, are in multiples of ^five 
or six. The Zoantharia are divided into three groups, dis- 
tinguished from one another by the ptesence or absence of a 
coral, and by its structure when present. 

The first of these groufs is termed Zoantharia malaoodcr- 
mata, or " soft-skinned " Zoantluiria, because -the polypes are 
either wholly destitute of a coral, or, if there is one, it consists 
merely of little scattered nceiiles or spicules of carbonate of 
lime. Gienerally, too, the organism is simple, and consists of 




Fio.SB.— Morphology of .4rfi 



no more than a single polype. The bo-^t known of the mem- 
bers of this group are the beautiiiil sea anemone? or ammaU 
flowers (Actinidce), which occur so plentifully on every coast 
(Fig. 36, a). It will be as well to describe the structure of a 
sea-anemone somewhat in detail, as in this way--a clear notion 
may be obtained of the general anatomy of the Actinozoa. 
The body of an ordinary sea-anemone (Fig. 26, a) is a truncated 
cone or short cylinder, termed the " column," and is of a soft, 
leathery consistence. The two ends of the column are termed 
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respectively the " base " and the " disk," the former constitut- 
ing a kind of sucker, by means of ivhioh the animal can attach 
itself at will, while the mouth is placed in the centre of the 
latter. The mouth is surrounded by a flat space, destitute of 
aj^endages, and the circumference of the disk is in turn sur- 
rounded by numerous simple tubular tentacles, arranged in 
alternating rows. The tentacles consist of both ectoderm and 
endoderm, enclosing a tube which communicates with the 
body-cavity. By the muscular contraction of the walls of the 
column, the fluid contained in the body-chambers can be forced 
into the tentacles, which can be thus protruded a great length, 
while they can also be usually retracted. In some cases the 
tentacles are furnished with perforations at their extremities. 
The mouth (see Fig. 12, a) leads directly into the stomach, 
which is a wide, membranous tube, opening by a wide aperture 
into the body-cavity below, and extending about half-way be- 
tween the mouth and the base. The wide space between the 
stomach and body-walls is subdivided into a number of sepa- 
rate compartments by radiating vertical plates, which are 
called the " mesenteries," and to the faces of which the re- 
productive organs are attached, in the form of reddish bands, 
containing either ova or sperm-cells. Below the stomach, 
attached to the free edges of the mesenteries, are a series of 
singularly twisted threads or cords (Fig. 12, e), which are 
filled with thread-cells, and are termed " craspeda." The 
function of these is not well understood; but it is believed 
that in some cases they can be emitted through apertures, 
which are occasionally found in the walls of the column. The 
sea-anemones are mostly to be found between tide-marks, in 
rock-pools, or on ledges of stone, adhering by means of the 
expanded base. They are not, however, permanently fixed, 
but can change their place at wiU. In the nearly allied 
Ilyanthus and ArachnacCis (Fig. 36, h) the base is tapering, 
and it appears that the animal spends the greater part of its 
existence in an unattached, free condition. The true sea- 
anemones, as already said, are all simple, each consisting of 
a single polype ; but there are closely-related forms (such as 
Zoanthus) in which the organism is compound, consisting of 
numerous polypes united by a creeping, fleshy trunk or cceno- 

The second group of the Zoantharia is termed that of the 
Zoantharia aclerodermata, from the nature of the skeleton or 
coral. In this group are all the so-called "reef-building" 
corals, which are the makers of the well-known " coral-reefs." 
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The members of this group all possess the power of secreting 
carbonate of b'me within their tissues, so as to form a more 
or less eontinuous skeleton or corallum. From the fact that 
this corallum is secreted by the inner layer of the polypes, 
and is therefore truly within the body, it is said to be " sclero- 
dermic," in opposition to the kind of coral produced by other 
forms (such as the red coral), where the skeleton is secreted 
by the outer layer of the polypes, and is therefore outside 
them. In tliia latter case the coral m said to be " sclerobasic" 
(For illustrations of these different kinds of corals, see Fig. 
29.) In the typical form of sclerodermic coral, the skeleton is 
in the form of a conical cup, the upper part of which is hol- 
low. The lower part is divided into a series of compartments 
by vertical plates, which are called the " septa," and which 
correspond to the mesenteries of the living animal. Some- 
times the space contained within the walls of the cup or 
"corallite" is broken up by horizontal plates called "tabulre;" 
but, when these are present, there are generally no septa. In 
the form of coral just described we have a single coralhte, 
produced by one polype, and this simple condition may 
be maintained throughout life. In the great majority of 
cases, however, the polypes bud, so as to form a colony, all 
bound together by a common flesh or ccenosarc When such 
a colony, therefore, produces a sclerodermic coral, in place 
of a single corallite, we have a composite skeleton composed 
of a number of litUo cups or coralliteg, each of which was 
produced by one polype, and all of which are united by means 
of a common calcareous basis secreted by the ccenosarc (Fig, 
29, a). 

In accordance with their mode of formation, an ordinary 
compound sclerodermic coral may be distinguished from a 
sclerobasic coral by the fact that it would show a number of 
little cups in which the polypes were contained, whereas these 
cups would be absent in the latter. In accordance, also, with 
the fundamental character of the order Zoantharia, the corals 
of the present group always show septa which are some mul- 
tiple of /ae or ai*. 

When t is understood that compound corals, such as we hare been 
speak n of are pcociueed by the combined efforts of a nacnber of poljpea, 
s eat ully the sume in structure as our ordinary sen-anemonea, it ia r^4ilf 
n elhg bl that under favorable circamatancea large masses of coral may be 
p oduoed m this way. When these masses attain such a aiie as to be of 
geo 'aphical importance, they are spoken of as " coral-reefs," and the phe- 
n m na e bibit^ by tbese are of such mterest as U> demand some notice. 
Tl a\ nrodiiciiig polvpes reduire for their eiistence that the average 
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temperature of the sea shall not be Icaa during niuter tliao GU° ; and coral- 
reefs are, therefore, not found in temperate seaa. Reefs, however, abound 
in all the seaa not far removed from the equator, being found chieflj' on the 
cast coast of Africa and the shores of Madagascar, in the Bed Sea and 
Persian Gulf, throughout the Indian Ocean aad the whole of the Pacific 
Archipelago, around the West-Indian Islands, and on the coast of Florida. 
The headquarters, however, of the reef-builduig corals maj be said to be 
around the islands and continents of the Pacific Ocean, where they often 
forra masses of coral many hundreds of miles in length. According to 
Darwin, coaf-reefs may be divided into three principal forma — viz., Fringing, 
reefs, Bairier-reefs, and Atolls, distinguished by the following charae- 

J. Friiiging-re^t (F^ 27, 1). — These are reefs, usuaJly of a moderate 
size, which may either surround islands of skirt the shores of continents. 
These shore-reefs are not separated from the land by any very deep channel, 
and Ibe sea on their outward margins is not of any great depth. 

2. Sarrier-ree/s (Fig. 27, 2). — These, like the preceding, may either 
encircle islands or skirt contments. They are distinguished from fring. 
ing-reefs by the fact that they usually occur at much greater distances 
from the land, that there intervenes a channel of deep water betweeu them 
and the hce i d ound' gs taken close oh' a wa d ma 'n indicate 
great dep hs 




As an eiample of this class of reefs may be taken the great barrier-reef 
on the northeast coast of Australia, the structure of which is on a gigantic scale. 
This reef runs, with a few trifling intcrrupMons, for a distance of more than 
a thousand miles, with an average breadth of thirty miles, and an area of 
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thirty-three thousand square niilea. Its average liistante from the shoce ifl 
betneen twentj and thirty miles, the depth of the inner channel is from ten 
to siit^ fathoms, and the sea oulside U "profoundly deep" (in some [ihicea 
over eighteen hundred feet). 

3. Alolli (Fig. 27, 3). — These are oval or circular reefs of coral enclosing 
a central expanse of water or lagoon. They seldom form complete rings, 
the reef being usually breached by one or more openings. They agree in 
all particulars vrith those barrier-reefs which surround islands, except that 
there is no central island in the lagoon nhich they enclose. 

Tlie last group of the Zoantharia comprises composite or- 
ganisms in which the ccenosaro is supported upon a central 
axis or sclerobasic skeleton. These Zoantharia sclerohasica 
require no notice, except simply to remark that they are dis- 
tinguished from other sderobasic corals (such as the Gor- 
gonidcB) by the fact that each polype possesses tentacles which 
are a multiple of six in number. 

Okdee n, AiCTONAEiA. — The second great order of living 
AcHnozoa is distinguished by the fact that the polypes are 
furnished with fringtd tentacles, and that these, as well aa 
the mesenteries and somatic chambers, are always some mul- 
tiple of four. With one doubtful exception, all the Al- 
cyonaria are composite, their polypes being connected to- 
gether by a ccenosaro. The body-cavities of the polypes are 
connected with a system of canals which are excavated in the 
cccnosarc, and communicate freely with one aaother, so that a 
free circulation of nutrient fluids is thus kept up. The struct- 
ure of the polypes of the Alcyonaria is, in all essential 
anatomical features, the same as in the sea-anemones, the 
number of the mesenteries and tentacles being the chief dis- 
tinction. 

Of the various different organisms included under this order, 
one of the best known is the ' ' Dead-nren' j,-fi u y ei s," or Alcyo- 
wiwm, which occurs commonly in most seas. It forms spongy- 
looking masses of a yellow or orange color, attached to shells 
and other marine objects. The whole mass is covered with 
httle star-shaped apertures, through which the delicate pol- 
ypes can be protruded and retracted at will. Another well- 
known member of this order — the type of another family — is 
the " sea-rod " ( Virgvlaria mtrabihs), which occurs not very 
rarely in shallow seas, "Virgidaria occurs in the form of a long 
rod-shaped body of a light flesh-color, supported upon a cal- 
careous rod, somewhat like a knitting-needle, which is covered 
by the cccnosarc. From the ccenosarc are given out liitora! 
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processes, each of which bears numer- 
ous polypes. Closely allied to Vtrgu- 
laria is the"Cock's-coinb" J*cnn(rtM/« 
(Fig. 28) ; but in this the lower end 
of the coenosarc is naked and fleshy, 
and the polype -bearing fringes are 
considerably longer, giving the whole 
organism very much the appearance 
of a feather. 

Anotlier family of the Alcyotiarta 
is represented by the so-called "Or- 
gan-pipe corals, of which Tubipora 
T/iusica is a well-known example. In 
this there is a well-developed sclero- 
dermic coral consisting of numerous 
r>bndrical tube's, which are not di 
vided by vertical partitions (septa), 
but which are connected by strong 
tians^ei'fe plates The coral is bnght 
red in color, and the polypes ai e usually 
blight green. 

The best known, however, of the 
Alcyonaria is the family Gorgomdos, 
represented by the sea-shrubs, fan- p^ 
corals, and the red coral of commerce, 
A few of the members o£ this family 
live in temperate waters, but they attain their i 
point of size and numbers in the seas of the tropics. In all 
the GorgonidcB the organism consists of a composite structure 
made up of numerous polypes united by a common flesh or 
Gcenosarc (Fig, 39, 6), the whole supported by a central 
branched axis or coral. The coral varies in composition, be- 
ing sometimes calcareous — as in red coral — sometimes homy, 
and sometimes partly homy and partly calcareous, as in Jais 
(Pig, 39). In all cases, however, the corallum differs alto- 
gether from the sclerodermic corallum, which has been de- 
scribed as so characteristic of the reef-building corals. The 
coral in the present instance is always what is called " sclero- 
basic" — that is to say, it always forms an internal axis, covered 
by the cosnosarc with the polypes produced therefrom. It is, 
therefore, outside the polypes, and bears to the ccenosarc the 
same relation that the trunk of a tree bears to its investing 
bark. This is well shown in Fig, 29, 6, where there is repre- 
sented one of these sclerobasio corals in which the corallum 
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consists of alternate horny and calcareous joints. The pol- 
ypes of all the OorgonidcB agree, of course, with their order 
in having eight tentacles each, and by this they are distin- 
guished from tlie few Zoantlutria in which there is a sclero- 
hasiu coral. 




Fig. 20. — Sctora<l4?rm5a and Sdcrubasic Corals, a PorUon of brancli of DendrophyUia 
n^^f«r;fin4^ a Bcleroderinic coral (afW Dana): & Loij^tuillDEi] Heotiou of laie kippariA, 
a u^terobBBio coral, oxblblUu^ fJio «ict«rDa1 bark or ovuoBarc, wltb Ita Imbedded p^ypoa^ 
Buj>ported by the iDtvnul axi3 or ekcltitoa (oiler Jod^). 



Thebestknownof the Gorgonidtxiiihe CoraUmmrubrum, 
or " red coral " of commerci?, which is largely importefl from 
the Mediterranean, In this species there is a bright-red, 
finely-grooved, calcareous coral, usually more or less repeatedly 
branched. The coral is invested by a bright-red ccenosarc or 
barb, which is studded with numerous little apertures. The 
polypes can be protruded from these openings at will, and are 
milk-white in color, with eight fringed tentacles each. The 
entire ccenosarc is excavated into a number of communicating 
canals, with which the cavities of the polypes are connected, 
the whole system being filled with a nutritive fluid known as 
the "milk." 

Order III. Bugosa (Lat. ruffostes, wrinkled), — This order 
merely requires mention, as all its members are extinct, and 
are therefore only known to us by their hard parts or skelo- 
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toDs. Tlicy agree with the ZoarUharia sclerodermata in 
liaving a well-developed sclerodermic corallum, but dift'er 
from them in the feet that the septa are always some multiple 
oifour/ and there are generally transverse platos or tabulie 
combined with the vertical plates or septa. On the other 
hand, they agree with the AJcyonaria in having their parts 
in multiples of four, but differ irom them in Laving a well- 
developed sclerodermic corrallum in which septa are present. 

Order IV, Ctenophoba (Gr. kteis, a comb; pliero, I 
carry).— The fourth and last order of the Actinozoa is that of 
the vtenophora, comprising a number of free-swimming oceanic 
creatures, very different in appearance from any of the forma 
wliich we have hitherto been considering. They are all trans- 
parent, gelatinous, glassy-looking creatures, which are found 
near the surface in tiie open ocean, swimming rapidly by means 
of bands of cilia. The ciiia are arranged in a series of trans- 
verse ridges, which are disposed in longitudinal bands, the 
whole constituting locomotive organs which are known as 
" ctenopLores." In none are there any traces of a corallum or 
skeleton, and thread-cells arc asserted to be univ 




As the type of the ordt r, w e may take one of the commoner 
forms, which is knonn bj the name of Plmrohrachia or Gy- 
d'ippe (Fig. 30), The body of PUurobrachia is transparent, 
colorless, gelatinous, and melon-shaped, and exhibits two poles, 
at one of which is placed the mouth. The globe-like body is 
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divided into a number of crescentic lobes by eigbt ciliated 
bands or ctenopliores, which proceed from near the mouth to 
near the opposite pole of the body. Besides the cilia there 
are two very long and flexible tentacular processes, which are 
fringed on one side by smaller secondary branches. The ten- 
tacles arise each from a kind of sac, one placed on each side 
of the body, and they can be instantaneously and completely 
retracted within these sacs at the will of the animal, Ihe 
mouth of Pleurohrachia opens into a spindle-shaped digestive 
sac or stomach, which in turn opens below into a wider and 
shorter cavity termed the " funnel ; " from this there proceed 
in the axis of the body two email canals, which open at the 
opposite pole of the body. The funnel communicates with a 
complicated system of canals, which are ciliated internally, 
and are filled with a nutrient fluid. In the angle between the 
two canals which run from the base of the funnel to the sur- 
face is a little vesicle or sac, believed to be a rudimentary 
organ of hearing, and placed upon this is a little mass which 
is generally believed to be of a nervous nature. If tins is 
correct, this is the first indication which we have hitherto en- 
countered of a genuine nervous system. The reproductive 
organs are developed in the walls of the canal-system. 

The only other form of the Ctenophora which deserves 
mention is the "Venus's girdle" {Cestum Yeneris), which 
agrees in essentials with Pleurohrachia, but is greatly enlon- 
gated in a direction at right angles to the alimentary canal, 
till we have a ribbon-shaped body produced, four or five feet 
in length and two or three inches high, Cestuni is not vm- 
common in the Mediterranean, and has the power of phospho- 
rescence, appearing at night as a moving aud twisting band 
of flame. 
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SUB- KINGDOM III.—ANNULOIDA. 

CHAPTER X. 

ECIIIKODERUATA. 

The third primary division of the animal kingdom is known 
by the name of Anntiloida, and includes two groups of organ- 
isms which are extremely unlike one another in appearance, 
and are termed respectively the Mihinodermata and the Sco- 
Ucida. In the former ive have the sea-urchins, star-iishes, and 
their allies, formeriy classed in the old sub-kingdom Madiala/ 
in the latter are a number of internal parasites, with some 
minute aquatic creatures, all formerly referred elsewhere. Dif- 
ferent as are these two groups in appearance and habits, they 
are nevertheless united by the following peculiarities : * They 
possess a distinct alimentarp canal, -usuaUy communicaiing 
with the outer world hy two apertures {a movih and a verd),hiit 
in any case complete!^ shut off from the general cavity of the 
body. In all there is a distinct nervous system / and in aU 
there is apectdiar system of canals termed the " vtater-vascii- 
lar " or " aquif^otis" vessels, which imtaUy communicate 
with the exterior of the iody. It should be mentioned that 
many naturalists dissent from this grouping together of the 
MchinodermcUa and Scoleeida into a single sub-kingdom, 
Annuloida. Many other arrangements have been proposed, 
most of which present some special advantages and some dis- 
advantages. In the mean while, in the confessedly nncertain 
state of tliia department of Natural History, it has been thought 
well to adhere to the arrangement proposed by Prof. Huxley, 
an arrangement with many obvious drawbacks, and at beat but 
provisional. 

* Some of the Intf mal parnaito^ of thta aiih-klnKdom have no aJlmentary cajial at oU 
))iit this does not gScct Uic valuti of Uic above doScmoD. 



ibyGoogle 



INVERTEBRATE ANIMALS. 



ClASS I.— ECHINODBKMATA. 



The members of this class are popularly knoiyn as sea- 
iirohins, star-fishes, brittle-stars, feather-stars, sea-cucumbers, 
etc., and derive their name of EcMnodermaia (Gr. echinos, a 
hedgehog ; and derma, skin) from the generally prickly nature 
of their integuments. In all, the skin is possessed of the power 
of secreting carbonate of lime, but in very different degrees. 
In the sea-urchina this goes so far that the body becomes en- 
closed in an immovable box, composed of numerous calcareous 
plates firmly jointed together. In the star-fishes and their 
allies the skiu is rendered prickly by grains, tubercles, or 
spines of calcareous matter, and the body is either destitute 
of regular plates or is only partially enclosed by them. In the 
sea-cucumbers, again, the calcareous matter is mostly only 
present in the form of minute grains scattered in the skin. 
When adult, they all show a more or less distinctly radiate 
structure, -which is most conspicuous in the star-shaped stajv 
fishes and sand-stars, but can be detected in all the members 
of the class. When young, however, they almost always ex- 
hibit what is called "bilateral symmetry " — that is to say, they 
show similar parts on the two sides of the body. In all Echino- 
derms there is a water-vascular system of tubes, which is 
termed the " ambulacral system," which generally communi- 
cates with the exterior, and which in most cases is used in 
locomotion. An alimentary canal is always present, and is 
always completely shut off from the general cavity of the 
body. A vascular or circulatory system is sometimes present. 
There are always distinct organs of reproduction, which are 
almost always placed in different individuals, so that the sexes 
are distinct. The nervous system is in the form of a ring sur- 
rounding the gullet and sending branches in a radiating man- 
ner to diiferent parts of the body. 

The Eehinodermaia are divided into seven orders, as fol- 
lows : 

1. Eehinoidea (Sea-urchins). 
3. Asteroidea (Star-fishes), 

3. Ophiuroidea (Sand-stars and Brittle-stars). 

4. Grinoidea (Feather-stars). 

5. Cystoidea (extinct). 

6. Blaatoidea (extinct), 
t.Solothuroidea (Sea-cucumbers). 

This is by no means a true arrangement of these orders, but 
it is convenient to consider them in this sequence. 
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Obdek I. EcHiNOiDEA. — The animals included in this order 
vary irom tho shape of a sphere or g-lobe to that of a disk, and 
they are all cormnonly known as " sea-urchins " or " sea-eggs." 
They are all characterized by tho feet that the body is encased 
in a "test" or "shell" (Fig. 31,2) composed of numerous cal- 
careous plates mostly immovably jointed together so as to form 
a kind of bojc The intestine is convoluted, and there is a 
distinct vent, or anal aperture 

The test of a sea urchin as just said, consists of many cal- 
I'areous plates accurately htted together, and united by their 
edges. In all bving forms the test is composed of ten zones 
of plates, each zon consisting of a double row. In five of 
tlicse zones (1 a, Z a) tbt, plites irt of large size, and are per- 




urchln (Gal^'ilfs). 



s^a-jm^tii (llfmicidcirie) eaiia^'i'i- cOcubr plato; i^ Genital plato ; e Anal aperture ; 
'Mudreponfono tabcrete. 1. Spino of the eam^ (Alter Forbes.) 



lorated by no apertures. These are termed the " interambu- 
lacral areas." In the other five zones (1 b, % b) the plates are 
of small size, and are perforated by little apertures for the 
emission of delicate locomotive suctorial tubes (the scnalled 
"ambularcal tube-feet"). These zones are therefore called 
the " ambiilacral areas." Besides these main rows of plates 
which collectively make up the greater part of the test, there 
are other plates placed in the leathery skin round the mouth 
and vent. The most important of these form a kind of disk, 
which is placed at the summit of the shell. This disk (Fig. 
31, 3) is composed of two sets of plates — one called the "geni- 
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tal plates," perforated for the ducts of the reproductive organs; 
the other set smaller, and each carrying a little "eye," hence 
their name. of "ocular plates." One of the genital plates is 
also larger than the others, and carries a spongy mass which 
is called the " madreporiform tubercle," and which protects the 
entrance of the water-vascular or ambulacra] system. The 
whole of the test is covered with numerous tubercles of dif- 
ferent sizes, which carry longer or shorter spines (Fig. 32). 
The spines are jointed to the tubercles by a sort of " ball-and- 




{aftcr Gossc), 



socket" or " universal " joint, and they are completely under 
the control of the animal, so as to be used both in locomotion 
and apparently as defensive weapons. In most common species 
the spines are short, but in many tropical forms they attain a 
very great length. Besides the spines, the outer surface of 
the test is furnished with curious little bodies called "pedi- 
cellarife," which were long believed to be paraaitia They 
consist of two or three blades mounted upon a flexible stalk 
and constantly employed in snapping together like the beak 
of a bird. They occur in many other Echinodcrmata, and 
their use is obscure. 

Locomotion is effected in the sea-urchins by a curious 
system of contractile tubes which are known as the "ambu- 
lacral tubes " or " tube-feet," and which are appendages of 
the water-vascular system. The following is essentially the 
arrangement of the whole aquiferous system. From the 
madreporiform tubercle on the largest of the genital plates 
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there proceeds a membranous canal b^ whicb the outer water 
is conducted to a central tube, winch forms a ring round 
the gullet. The tubercle is spongy, and is perforated with 
little holes, and its funntion is probably to act as a filter, and 
prevent foreign particles gaining access to the interior. From 
the "circular canal" round the gullet proceed five " radiating 
canals " which take their course toward the summit of the 
shell, underneath the ambulacral areas. In its course each 
radiating canal gives off numerous short lateral tubes — the 
ambulacral tubes or tube-feet — which gain the exterior of 
the shell by passing through the apertures in the amlnilacral 
plates of the shell, and which terminate in little sucking- 
disks. The tube-feet can be distended with water b^ means 
of a series of little muscular bladders placed at then- bases, 
and they can thus be thrust h.r out beyond the shell, into 
which they can bo again withdrawn at the will of the animal. 
However long the spines may be, the animal can protrude 
the tube-feet to a stUl greater length ; and by the combined 
action of the little suckers at their extremities locomotion is 
effected with moderate rapidity, considering the bulk of the 
body. 

The digestive system in the Echinus consists of a mouth 
armed with a curious apparatus of calcareous teeth, which 
opens into a gtillet, which in turn conducts to a distinct 
stomach. From the stomach there proceeds a long and con- 
voluted intestine, which Is attached to the interior of the 
shell by a delicate membrane or " mesentery," and terminates 
in a distinct vent. The surface of the mesentery, as well as 
that of the lining membrane of the shell, is richly ciliated, and 
thus serves to distribute the fluids of the body-cavity to all 
parts of the body. In this way, also, respiration is subserved, 
though it is probable that the chief agent in this function is 
to be found in certfun specialized portions of the ambulacral 
system. The circulatory system consists in its central portion 
of two rings placed round the opposite ends of the alimentary 
canal, and united by an intermediate muscular cavity or heart* 
The nervous system consists of a gangliated cord placed round 



ambulacral areas. The sexes are distinct, but in both Uie re- 
productive organs are in the form of five membranous sacs 
placed in a radiating manner in the intcrambulacral areas, and 
opening at the genital plates. The embryo of the Echinus is 
at first a little free-swimming ciliated organism, and it passes 
through an extraordinary development, which can only bo 
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alluded to hero. In its later stages it was orij^inalJy described 
as a distiDct aDimal under the name of "J^uteus." In this 
state the larva is a curious, easel-shaped body, with a distinct 
alimentary canal and an internal calcareous skeleton, and ex- 
hibiting distinct bilateral symmetry. The remarkable point, 
however about its further development is that the young 
^h a s developed o t of o ly a porf o of the Pi tteus, and 
the greater part of the latter nclud ng tl e keleton, is cast 
away as useless 

Ti e n ]o ty of the ca h s j e t und at moderate 
depths n tl e sea e'H eciallj n tl e gH o bo 1 of oyster- 
banks Otl ers S[ en 1 tl e r xistenco bur od n th sand ; and 
one spec s excavates holes for tself in th &ol d rock, ap- 
parently by o e n e han cal a t on 

Ordee IL A&teko dea (Gr ^e star e do form). — 
As the structure of the sea-urchins may be taken as embody- 
ing the most important anatomical peculiarities of the Mchino- 
dennata, and as this has been described at some length, it will 
not be necessary to do more than briefly indicate the more 
important characteristics of the remaining orders. In the 
present order are included all the true star-fishes, the sand- 
stars and brittle-stars being generally regarded as a distinct 




group. The body in all the Asteroidea is more or less ob- 
viously star-shaped {Fig. 33), consisting of a central disk sur- 
rounded by five or more lobes or arms, which radiate from the 
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body, are hollow, and contain prolongations from the stomach. 
The body is not enclosed in an immovable box or test, as in 
the sea-urchins, but the integument is of a leathery nature, 
and is richly furnished with calcareous plates, tubercles, and 
spines. The true star-fishes are distingiiiahed from, the nearly 
allied brittle-stars ( Ophiuroidea) by the fact that the arms are 
direct prolongations of the body, that they contain prolonga- 
tions of the stomach, and that they are deeply grooved on 
their under surfaces for the radiating vessels of the water- 
vascular system, wbich are further protected by a sort of in- 
ternal skeleton. The upper surface of the bod,y and arms is 
richly furnished with calcareous matter, in the form of prickles, 
tubercles, spines, and pedicellaria;, these last being peculiarly- 
modified spines. The upper surface, also, exhibits the madre- 
poriform tubercle in the form of a concentrically-striated disk 
plaeed at the angle between two of the rays, and also the 
aperture of the anus, when this is present. The month is 
placed in the centre of the lower surface, and is not furnished 
with teeth. It leads by a short gullet into a stomach which 
usually terminates on the upper surface by an anal aperture; 
but this is occasionally wanting. From the stomach in all 
the Asteroidea proceeds a series of much-branched membra- 
nous sacs, two of which are prolonged into each ray. The 
water-vascular or ambulacra! system is in most essential re- 
spects identical in structure with that of the sea-urchins, 
making due allowance for the differeilt shape of the body. 
The nervous system consists of a gangliated ring surrounding 
the mouth and sending branches along each of the arms. The 
reproductive organs, like the nervous system, exhibit a radiate 
condition, being arranged in pairs in each ray. 

The star-fishes are found on all shores, but many forms are 
properly inhabitants of deep water. They difFer much in the 
general shape of the body. In the common cross-fish ( Vraster 
rubena) the disk is small, and is furnished with long, finger-like 
raj-s, which are properly five in number. In the Cribdlm (Fig. 
33) the general shape is much the same. In the sun-stars 
i^Solaster) the disk is large and well marked, the rays are from 
twelve to fifteen in number, and they are shorter than the 
diameter of the disk. In the cushion-stars ( Goniaster) the 
body is in the form of a five-angled disk, more or less flattened 
on both sides, the rays being only marked out by the ambula- 
cral grooves upon the lower surface. 

OedeeUI. OpmpEOiDEA (Gr. qp/«'s, snake ; oura, ts.i\; d- 
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dos, form). — In this order we have only the common sand-atara 
Wphiura) and brittle-stars ( Ophioooma), all closely allied to 
the true star-fishes in external appearance, especially in their 
strikingly radiate form. The body in the Ophiuridm consists 
of a circular central disk covered with small calcareous plates, 
and giving off five long, slender, make-like aims {Fig. 34, a, b), 
which may be simple or branched, but which do not contain 
any prolongations from the stomach, nor have their under 
surfeces excavated into grooves for the protrusion of ambu- 
lacral tube-feet. The arms, in fact, are not prolongations or 
lobes derived from the body itself, but are special appendages 
added for purposes of locomotion and prehension. The anns 




are very much longer than the diameter of the disk, and a 
protected by four rows of calcareous plates — one above, oi 
below, and one on each side. In the centre of ea«h arm is 
row of calcareous pieces which form a kind of internal ai 
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or skeleton, below which is placed the radiating ambulacral 
vessel. All the internal organs are contained within the disk, 
and none of them pass into the arms except the nerve-cords 
and ambalacral vessels. The mouth is placed in the centre 
of the under surfece of the disk, and opens into a globular, 
simple stomach, which is not furnished with an anal aperture, 
all indigestible particles being got rid of through the mouth. 
In various points of their anatomy the Ophiuroidea differ 
considerably from the true star-fishes, to which they are most 
nearly related, but these differences do not require further 
notice. 

The habits of the brittle-stars and sand-stars are various, 
but many of them may be found in rock-pools or midor stones 
at low water on most shores. 




Order IV. Cbihoidea (Gr. Jcrinos, a lily; eidos, form). — 
In this order are comprised EcMnodermata, in which the 
body is fixed, dm'ing the whole or a portion of the existence 
of the animal, to submarine objects by means of a jointed 
(iexible stalk or column. The Crtnoidea were formerly very 
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numerous, both individually and in types, hut thpy are rei>- 
resented at tlic present day by no more than three or four 
living forms, of which one 
only (the feather-star) Is at 
ail of common occurrence. 
The body in the Crinoids con- 
sists of a central disk or cup 
formed of calcareous plates, 
and protecting the body of 
I the animal. From the mar- 
? gins of tllis cup spring five 
r more arms which are Jir- 
■ ranged in a radiating n 
so as to form a 
feathery crown. lo one of 
our living forms, the animal, 
when full grown, is free; but 
in all other living genera, and 
in the great majority of fossil 
forms, the body was attached 
throughout life to the sea- 
bottom by moans of a jointed 
stalk attached to the lower 
surface of the cup (Fig. 36), 
thus somewhat resembling a 

The commonest living spe- 
cies is tlie rosy feather-star 
( Oomatula rosacea), which 
occurs not very rarely on 
European coasts (Fig. 35). 
This beautiful animal consists 
of a central body or disk, 
from which proceed five ra- 
diating arms, which divide 
almost directly after their 
^mr origin into two secondary 
^''^oSiMn'r^ branches, so that ultimately 
vuj,^ liu.iru.a. ' there are produced ten long 

and slender rays. Each arm 
is furnished on both aides with a number of little jointed 
lateral processes or "pinnEe," so as to assume a feather-like 
appearance, from which its popular name is derived. The 
digestive system is furnished with both a mouth and a vent; 
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the water-vascular or ambtdacral system appears to take no 
part in locomotioo, and the reproductive organs are lodged in 
the lateral processes of the arms. The most remarkable point, 
however, about the Comatula is the manner in which -it de- 
velops itself. When fully grown (Fig. 35, a) it presents no 
small superficial cesembiance to some of the Ophiuroidea. 
When young (Fig, 35, 5) the Comatula is so different in ap- 
pearance from the adult, that it was originally described as a 
distinct animal. It consists now of a fittle cup-shaped disk 
with ten radiating arms above, produced \iy the splitting into 
two of five primary rays, and furnished inferiorly with a little 
flexible column or stalk composed of a number of calcareous 
joints. By this jointed stem the body is at this period of 
life fixed to sea-weeds or other submarine objects. When 
Eufficientiy mature, however, the body drops off its stalk, and 
then only requires to grow in size to become a fully-developed 
ComatAda, 

The stalked condition which we have just seen to consti- 
tute a merely temporary stage in the life-history of the Coma- 
tula is, on the other hand, the permanent state of parts in 
almost all the "stone-lilies" and other fossil Crinoidea, axiA 
in two or three living forms. Of these recent species, one of 
the most remarkable is one which has been recently discovered 
in the Atlantic and North Seas, and which has been described 
under the name of Rhizocrinus lo/otensis. This curious species 
(Fig. 36) consists of a little thread-like, jointed stem support- 
ing a calcareous cup, from which proceed 
five branched and jointed arms ; and the 
stalked condition is here permanently re- 
tained during life. 

Okdebs V. AND VI. Cystoidea and ( 
Blastoidea. — These orders merely reqmre 
to be mentioned here, as all the forms in- 
cluded in them are extinct, and are unrep- 
resented at the present day by living spe- 
cies. In both, the body is enclosed in a 
kind of box formed by jointed calcareous 
plates (Fig. 37), and it was in most cases 
permanently fixed to the sea-bottom by a 
jointed stalk or column. The arms, which 
form so conspicuous a feature in the true Grinoidea, were 
either absent or very rudimentary. Both orders are most 
closely allied to the drinoMea, and they constitute probably 
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tlie least highly-developed sections of the whole class of the 
Echinodermata. 

Obdeb VII. HoLornuitoiDEA,— In this order are comprised 
the highest of the Echinodermata, ail very different in out- 
ward appearance from any of the forms we Jiave hitherto con- 
sidered. They are commonly known as sea-c«cumbers, or tre- 
pangs, but they are mostly rare and inconspicuous animals at 
the beat. They are aU more or less worm-shaped or snail-like 
in form, and they are either altogether destitute of calcareous 
matter in the skin, or with rare exceptions have only scattered 
grains and spines of this material. As a rule, the skin is 
simply leathery, and is endowed with wonderful contractility 
by means of powerful longitudinal and transverse muscles. 
In consequence of this, they can, in many cases, eject all or 
almost all their internal organs, and can sometimes divide their 
bodies into several parts when injured or alarmed. Loco- 
motion is effected by alternate extension or contraction of their 
worm-like bodies, by anchor-shaped spicules of lime contained 
in the skin, or by rows of ambulacral tube-feet, like those of 
the sea-urchins, protruded through the integument. Some- 
times the tube-feet are scattered over the whoic surface of the 
body, and sometimes they are altogether absent. There is 
always a mouth at one extremity of the body, and a distinct 
vent at the other. The mouth is situated anteriorly, and is 
surrounded by a circlet of feathery tentacles {Fig. 38), which 




Flo S3 — nolothuroldca. Thyoia papiUom (ader Forbes). 



are believed to be modified tube-feet. The water-vascular or 
ambulacral system is sometimes quite rudimentary, but in 
other cases it much resembles that of the searurchins, except 
that the madreponform tubercle is not placed on the outside 
of the bod} , but hnng<! down freely in the interior of the body. 
In most of the HuJothu) oidea there are appended to the ter- 
mination of the intestinal canal two much-branched tubes, 



ibyGoogle 



ECHINODERMATA. 107 

which are filled with sea-water from without, and are believed 
to exercise a respiratory function, hence the name of " respi- 
ratory tree" often applied to them. 

The ordinary species of Holothurians, as abeady said, are 
all rare, and are mostly only to be obtained by dredging in 
tolerably deep water. Some of the tropical forms attain a 
large size, and some are largely searched after to be sold in the 
Chinese market, being regarded in that countiy as a delicacy. 
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ClJiBS II. SCOLECIDA. 

In the second class of the sub-kingdom Annnloida arc in- 
cluded a number of organisms which are, in many cases, very 
unUke one another in external appearance, but which, never- 
theless, agree in one or two structural points of importance. 
The moat important of these are the possession of a system 
of water-vascular vessels, the absence of a vascular system, 
and the possession of a nervous system composed of no more 
than one or two nervous masses or ganglia. The points by 
which the Scolecida are distinguished from the EcMnodermata 
are, the absence of calcareous matter in the skin, the absence 
of any traces of a radiate arrangement of their parts, especially 
of the nervous system, the constant absence of any blood- 
circulatory apparatus, and the course of their development. 
The Scohcida (dr. skolex, a worm) are often vermiform in 
shape, but many of them exhibit no worm-like characters, 
and one whole order is entirely microscopic. A great many 
of the Scolecida are internal parasites in other animals, and 
these are often collectively spoken of as Entozoa (Gr. entoB, 
within ; soSw, an animal). These parasitic forms subsist by 
an imbibition of the juices of their host through their 
delicate integument. ITiey have, therefore, no necessity for 
acquiring food for themselves ; and we find, in consequence, 
that many of them are wholly destitute of an alimentary 
canal, and that in all the organs of "relation" are very rudi- 
mentary. The Soolecida are divided into the following seven 
groups or orders : 

1. Taniada (Tape-worms). 

3. Trematoda (Flukes). 

3. Turhellaria (Ribbon-worms and rianarians). 
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4. Acanthocephaia (Thorn-headed worms). 

5. Gordiacea (Hair-worms). 

6. Nematoda (Round-worms and Thread- worms). 
J. Hoti/era (Wheel-animalcules). 

Oedee I. T^NiARA (Gr. tainia, a ribbon). — In this order 
e comprised the ribbon-shaped Tape-worms (Fig, 39, 5) and 
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the bladder-worms or cystic worms (Fip;. 39, 2). These were 
formerly described as distinct groups ; but it is now known 
that the latter are merely the young forms of the former. The 
peculiarity which distinguishes the development of the T<Eni' 
ada, and which led to the cystic worms being described as 
distinct animals, is that the different stages of growth are 
always found inhabiting different animals or "hosts." If the 
fully-grown tape- worm is found in one animal, then its young 
form or cystic worm will always be found in another. Many 
animals are infested by tape-worms ; but all the leading points 
of interest in the order will be brought out by a consideration 
of the commonest of the three tape-worms to which man is 
subject — namely, the common tape-worm, or Tamin solluin. 
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The common tiLpe-worm is found inhabiting the intestines of 
man, one only being' generally present in the same individual. 
In shape {Fig. 39, 5) it is an extremely elongated, flattened, 
tape-like body, many feet in length, and composed of a num- 
ber of flattened joints (Fig. 39, 4) all loosely united to one 
another. At one extremity the joints become much smaller 
and narrower, till ultimately a point is reached where the 
organism is finnly fixed to the mucous membrane of the in- 
testine by means of a minute rounded head (Fig. 39, 3), 
The organs by which attachment is effected are, in this spe- 
cies, a crown of recurved hooks and four suckers. The head 
is in reality the true animal, and all the long, jointed, tape- 
like body which follows this, is really produced oy a process 
of budding irom the head. The head contains no repro- 
ductive organs, and is not furnished with a mouth or diges- 
tive organs of any kind, its nutrition being entirely effected 
by imbibition of the nutritive fluids elaborated by its host. A 
nervous system, in the form of one or two ganglia, sending 
filaments backward, is said to be present; but there is some 
doubt on this point. The water-vascular system (Fig. 39, 4) 
consists of two long vessels which run down each side of the 
body and communicate at each articulation by a transverse 
vessel, the whole opening in the last joint into a contractile 
vesicle. Each joint is sexually perfect, or hermaphrodite, 
containing both male and female reproductive organs (Fig. 
39, 4), which open on the surface by a small raised aperture, 
the "generative pore." Almost the whole of each of the 
mature joints is filled up by a much-branched ovary. As the 
head is the true animal, and the numerous joints are only pro- 
duced by budding, it follows that the entire organism is to be 
regarded as a kind of colony, constituted by a single sexless 
zoOid or "nurse," and numerous sexual zoiiids, produced by 
budding from the former. 

The process of development — that is to say, the process 
by which this composite organism, commonly known as the 
tape-worm, is produced — is a very remarkable one, and is 
briefly as follows : Each generative segment or joint, as al- 
ready said, is hermaphrodite, and contains innumerable ova. 
These eggs, however, cannot be developed ■within the body 
of the animal infested by the tape-worm itself, but they are 
compelled to gain access to the body of some different species 
of animal, if development is to proceed. To secure this end, 
the mature joints of the colony break off, and are expelled 
from the alimentary canal of the host. The joints thus ex- 
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pelled die and decompose, and their contained eggs are thus 
set free. Each egg (Fig. 39, 1) is covered with a litSe leathery 
capsule which protects it from injury, and contains a minute 
embryo in its interior. If this microscopically small egg be 
swallowed — as in many waya it easily may be — by another 
warm-blooded animal (in this particular case by the pig), 
then a fresh series of changes ensues. The leathery case of 
the ovum is dissolve^ in the stomach of the new host, and 
tlie embryo is set free, when it bores its way through the 
walls of the stomach by means of little siliceous hooks with 
which it is provided. Having reached a suitable locality, the 
young tape-worm proceeds to surround itself with a kind of 
cyst, and it develops from its hinder end a kind of bladder 
fiOed with fluid (Fig, 39, 3). It is now a bladder-worm, or 
cystic worm, and as such would formerly have been regarded 
as a distinct animal. In the particular case of the Tcenia 
solium which we are now considering, the cystic worm is 
found imbedded in the muscles of the pig, and it constitutes 
in that animal the disease known as the measles. In this 
cystic stage the young tape-woim may remain for an ap- 
parently indefinite period, being quite incapable of develop- 
ing eggs, though sometimes fresh bladder-worms may be 
produced by a process of budding. For its furi^her develop- 
ment it is necessary that it should now be introduced into 
the alimentary canal of man. If a portion of measly pork be 
eaten with these cystic worms imbedded in it, then the 
young tape-worm is liberated from its cyst: it fises itself 
by means of its suckers and booklets to the mucous mem- 
brane of the intestine, and its caudal bladder drops off. It is 
now converted into the head of the adult tape-worm. It 
finally commences to throw out buds from its hinder extremity, 
and in these buds or joints the reproductive elements are pro- 
duced, so that ultimately we get the long, flattened jointed 
colony with which, we started. 

This extraordinary series of phenomena is now known^ to 
occur in other cases, but space will not admit our dwelling 
upon these. Another of the tape-worms of man (the TcBnia 
mediocanellala) is developed in the same way from the 
measles of the ox. The tape-worm of the cat is the mature 
form of the bladder-worm of mice, and the tape-worm of the fox 
is derived from the cystic worm of hares and rabbits. Lastly, 
man is not only liable to be infested with the tape-worms 
derived from the cystic worms of other animals, but may be 
attacked by the cystic or immature forms of the tape-worms 



ibyGoogle 



112 INVERTEBRATE ANIMALS. 

of other animala. Thus the disease known as "hydatids" in 
the human subject is caused by the presence in his tissues of 
the cystic worms which are ultimately developed into the tape- 
worm of the dog. 

Ordek II, Teematoda (Gr. trenia, a pore or sucker), — 
The " suctorial " worms, or " flukes," as the members of this 
order are commonly called, are all internal parasites, inhabits 
ing various situations in different animals, but especially af- 
fecting birds and iishes. They are all more or less flattened 
and rounded in shape, and are furnished with one or more 
suckers, by which they adhere. They are distinguished from 
the Tceniada by always possessing an alimentary canal, which 
is often much branched (Fig. 40, 1), is simply hollowed out 




of the tissues of the body, and is never provided with a dis- 
tinct anus. The best known of the Trematoda is the common 
liver-fluke {Distoma hepattcum. Fig. 40, 1), which inhabits 
the gall-bladder or ducts of the liver in sheep, and is the cause 
of the disease known as the rot. In form it is ovate, flat- 
tened on the two sides, and presenting two suckers, of which 
the anterior is perforated by the aperture of the mouth. A 
branched water-vascular system is present, and opens pos- 
teriorly by a small aperture. The alimentary canal bifurcates 
shortly behind the mouth, the two divisions thus produced 
being much branched, and terminating posteriorly in blind 
extremities. In Distoma laneeolatum (Fig. 40, 3) the intes- 
tine is divided into two branches, but these are simple tubes, 
and are not branched. 
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Okdek III, TuEBKLLAEiA. — The animals included in this 
order differ altogether from the Trematoda and Twniada in 
being almost all aquatic in their habits and being all non- 
parasitic. They never possess sucking-dbks or booklets, and 
their integument is always furnished with vibrating cilia, A 
water-vascular system is always present, but it appears some- 
times not to communicate with the exterior. The alimentary 
canal is sometimes simply hollowed out of the tissues and 
destitute of an anus, as in the IVematoda, or at other times 
suspended in a free space (body-cavity) and furnished with an 
anus. It may be simple or much branched. 

The best known of the memb'ers of this order are certain 
little jelly-like, soft-bodied, ovate, or elliptical creatures, which 
are commonly found u fr ih atcr or o the sea bhore an 1 are 
known as I^anar ans Tl o skin n th se en u& I ttle ani- 
mals (Fig. 41, 1 '') s TclH f mshel w th cla i d also 
contains numerous c 1 s wl ch 1 1 e 1 ee c ] c 1 to the 




branched 



"nettle-cells" of the Gcelenteraia. The intestine may be 
cither straight or branched, but always terminates behind 
in blind pouches, and is never provided with an anus. The 
water-vascular system communicates with the exterior. The 
nervous system consists of two ganglia, placed in front of the 
mouth, and united by a cord. There are generally rudimen- 
tary eyes or pigment-spots, which vary in number from two 
to sixteen. 

The remaining* members of the TurbeUaria are known as 
ribbon-worms (^Nemertidue), and are not uncommonly found 
on the sea-shore. They differ from the Planarida in being 
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worm-like in shape, by the fact that the alimentary canal is 
furnished with a distinct anus, and by the absence of an ex- 
ternal opening to the water-Tascular system of the adult, in 
some cases at any rate. Their development sometimes shows 
phenomena very similai' to what occurs in the Eahinodeemata, 
the larva (Fig. 41, 4) being a free-swimming, ciliated organ- 
ism, of which only a portion is employed in producing the 
adult animal, the remainder being cast off as useless. 

OedebIV, AoASTHOCBPHAiA (Gr. akantha, thorn; ke- 
^Ao/e, head). — The ^^ thorn-Maded worms" included in this 
order are all internal parasites. They are worm-like in shape, 
marked with transverse wrinkles, and destitute of any mouth 
or alimentary canal. The anterior extremity of the body forms 
a kind of proboscis Or snout, which is armed ■with recun'ed 
hooks, and has placed at its base a single nervous ganglion. 
Beneath the skin is a net-work of canals, containing a clear 
fluid, and believed to represent the watei^vascular system. 
The thom-headed worms include some of the most formidable 
parasites with which we are as yet acquainted, the best known 
being the various forms of Mchinorhynchus, which are found 
inhabiting the alimentary canal in many mammals, birds, and 
fishes, but not as yet in man. 

Okder V. GoEDiACEA. — Tfie Gordiaeea, or "hair-worms," 
are thread-like parasites which in the earlier stages of their 
existence inhabit the bodies of various insects, chiefly beetles 
and grasshoppers. They possess a mouth and alimentary 
canal. The sexes are distinct, and they leave the bodies of 
the insects which they infest to breed, subsequently deposit- 
ing their eggs in long chains either in water or in some moist 
situation. In form the Gordiaeea are singularly like hairs, and 
they often attain a length very many times greater than that 
of the insect in which they live. 

Oedeb VI. Nkmatoda (Gr. nema, a thread). — In this 
order ttc the " round- worms " and " thread- worms," both of 
which are parasitic, together with a number of worms which 
lead a permanently free existence. All the Nematoda {Fig. 
43) are elongated and cylindrical or thread-like in shape. 
They poa'se^a a distinct mouth, and an alimentary 'canal which 
is freely suspended in an abdominal cavity, and which termi- 
nates in a distinct anus. They possess a system of canals 
which are believed to represent the water-vascular system ; 
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iiud the nervous system is in tlie form of a gaiigliated cord 
surrounding the gullet, and sending filaments backward. 
Among the best imown of the parasitic Nematodes are the 
common round-worm (^Asearia lumiricoules) and the thread- 
worm (Oxyuris) of the human subject, both of which inhabit 
the alimentary canal, and the guinea-worm {Filaria), which 
spends a portion of its existence in 
the cellular tissue of man, especially 
of the legs, and which attains a 
length, of several feet. More dan- 
gerous than any of these is the 
Ti-ichina, which spends its immature 
stages encysted in the muscles of 
s:>me such animal as the pig, and 
only attains maturity and becomes 
CLipable of producing eggs, when in- 
troduced into the alimentary canal 
of some other warm-blooded verte- 
bra to animal. When this takes 
place, a train of symptoms are 
originated which sometimes re- 
semble rheumatic fever, and appear 
to be very generally £ital. 

Of the free Nematode worms, 
which are necer parasitic at any 
ticne of their lives, about two hun- 
dred species have been described, 
most of which inhabit fresh water 
or the shores of the sea. One of 
the most familiar is the so-called 
"vinegar -eel" {AnguiUula aceti, 
Fig. 43, A). 

Oeder VIII. RonFERA (Lat. 
rota, wheel; fero, I carry). — The 
liotifera, or " wheel-animalcules," 
derive their popular name from the fact tliat the anterior end 
of the body is furnished with one or two circlets of cilia 
(Fig, 43) which, when in motion, vibrate so rapidly as to 
]iroiiuce the illusory impression of a quickly-rotating toothed 
wheel. The Rotifera are almost all aquatic, and are mostly 
inhabitants of fresh water. They are all microscopic in size, 
none attaining a greater length than. one-thirty-sixth of an inch. 
In the females there is a distinct mouth, intestinal canal, and 
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anus. A nervous system is also preaent, consisting' of gan- 
glia placed near the anterior extremity of the body and send- 
ing filaments backward. There is, finally, a weil-developed 
water-vascular sysicm. 

Most of the Moti/era are free-swimming, active little ani- 
mals (Fig. 43, A), but some are permanently fixed, as in 
Melicerta {Fig. 43, B), or in the crown-animalcule St^hatio- 
ceros). They are usually simple, but they are sometimes com- 
posite, forming colonies. As a rule, tlie male and female 
Motifera differ greatly from one another, the males being 
smaller than the females, devoid of any masticatory or diges- 
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tive apparatus, and more or less closely resembling the young 
forms of the spedes. The males, in fact, merely lead a tran- 
sient existence, and die as soon as they have succeeded in 
fertilizing the females. The body in most cases is very dis- 
tinctly ringed or annulated (Fig. 43, A), but is not composed 
of distinct rings separated by partitions. The integument is 
usually provided with bundles of muscular fibres taking a 
longitudinal and transverse direction. In the free forms the 
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auterior ciliated disk acts somewhat like the propeller of a 
screw-steamer in driving the organism through the water — in 
all cases it has the action of producing currents in the water 
by which particles of food are brought to the mouth. The 
posterior end of the body is usually developed in the free 
forms into a kind of tail or foot (Fig. 43, A), which may take 
flie shape of a kind of pincers or of a little suctorial disk. 

As regards their internal anatomy, in the females of almost 
all the Motifera there is a well-developed alimentary canal, 
which is completely shut off from the general cavity of the 
body. The mouth (Fig. 43, A b) opens into a dilated cham- 
ber (c), which contains a complicated apparatus of homy 
teeth. This in turn opens into a capacious stomach (d), con- 
tinued into an intestine which terminates by a chamber known 
as the " cloaca " (e), which forms the common outlet for the 
water-vascular and generative systems. In both sexes there 
is a well-developed water-vascular system consisting of a con- 
tractile chamber or bladder (_/"), opening into the cloaca, and 
gi\'ing origin to two complicated tubes which are known as 
the "respiratory tubes" {g g), and which terminate near the 
anterior end of the body, apparently by blind extremities. 
The nervous system is in the form of a large double ganglion 
placed above the gullet, and having one or two eye-specks 
placed upon it. The ovaries (o) constitute conspicuous organs 
in the female SoH/era, but in summer the young Rotifers ap- 
pear to be produced by the females without having access to 
tlie males. 

The Motifera were long confounded with the Infusoria, in 
consequence of their great similarity in externa! appearance. 
They are, however, of an obviously much higher grade of 
structure. One of the most remarkable phenomena presented 
by the Motifera is found in the undoubted fact that, in spite 
of their complex organization and aquatic habits, they can be 
dried, and again brought to life by the addition of a little 
water, and that this desiccation and restoration to life can be 
apparently repeated many times in succession without injury. 
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SUB-KINGDOM IV.—AN'NULOSA. 
CHAPTER XII. 

ANAKTnEOPODA. 

Sub-kingdom Annhlosa.— In this sub-kingdom are com- 
pri&ed an enormous number of animals wliicli agree in tlic 
following characters (Fig. 41) : The body is composed of a 
number of segments or rings arranged along a longitudinal 
axis. There is a distinct alimentary canal (6), placed cen- 
trally aa compared ivitli tlie other organic systems, and com- 
pletely shut off from the general cavity of the body. The 
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blood-vascular system may be absent, but, when present, it is 
always situated on the dorsal aspect of the body {«). The 
nervous system is always present, and is placed along the 
ventral surface of the body. In its typical form it consists 
of two nervous cords running along the whole length of the 
ventral surface, and having a pair of ganglia developed in 
each ring. The first pair of ganglia is always placed above 
the gullet, and the second below, so that the gullet is sur- 
rounded by the two cords uniting these ganglia (constituting 
the so-called (esophageal coUar). The limbs (when present) 
are always turned toward the neural aspect — that is to say, 
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loward that side of the body upon which the nervous system 
is situated. (See also the transverse section of aa Annulose 
animal, Fig. 1.) The entire sub-kingdom of tlie Annulosa is 
divided into two great divisions termed A.rthropoiia and 
Anarthropoda, according as tie body is provided with jointed 
appendages or not In the Arthropoda, in which the body- 
rings are furnished (some or all) wilJi jointed appendages, are 
included the Crustaceans (lobsters, crabs, etc.), the spiders and 
scorpions, the centipedes, and the insects. In the Anarthro- 
poda, in which there arc no true jointed appendages, are in- 
cluded the spoon-worms, leeches, earth-worms, tube-worms, 
and sand- worms,* 

Division L Anaetheopoda (Gr. a, without; arthros, joint ; 
pedes, feet). — In this division of the Annulosa, the locomotive 
appendages are never distinctly jointed or articulated to the 
In this division are included two principal classes— the 
% and the Annelida.\ 

Class I. Gepiiteea. — This class is a verv small one, and 
includes a number of worm-like animals, w£ich in most re- 
spects are very simitar to the following class of the Annelida, 
but are distinguished byliaving no locomotive appendages at- 
tached to the sides of the body. They were long placed among 
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iha Eckinodennata, haimgidciidedrditionship to the worm- 
like Molotfitirians Thej arc distmguished, however, by never 
secreting calcareous matter in the skin, and by having no 
water-vascular or ambulacral system. There can be no doubt, 
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however, that the Gephyrea arc, on the whole, very nearly 
related to the Solothurians, and it is chiefly from the total 
absence of any radiate arrangement of the nervous system and 
internal organs that they appear to be more properly classed 
with the worms. The Sipunculus or spoon-worm is found 
burrowing in the sand of many sea-coasts, or inhabiting the 
cast-away shells of univalve shell-fish, A considerable num- 
ber of species of this class have been recorded as occurring in 
EaujpCan seas, and one of the more characteristic forms is 
figured above (Kg. 45). 

Class II, A^iHELiDA (Lat. annidus, a ring). — The AnneHda 
or ringed-worms are distinguished from tlie preceding by the 
possession of definite segmentation, the body being composed 
of a number of rings which are all similar to eacn other ex- 
cept at the tvFO ends of the body. All the Annelida are more 
or less worm-like in shape, and in all, except the leeches, the 
segments are (some or all) provided with lateral appendages 
which mostly subserve locomotion, but which are never jointed 
to the body. In the typical Annelida each segment (Fig. 4fj) 



s of two arches, termed, from their position, respectively 
the "dorsal arc" {d), and the "ventral arc" (v^. Each seg- 
ment carries a lateral process on each side, which are known 
as the "ioo\rivheT<Aes" {parapodia). Each foot-tubercle in 
turn may consist of an upper piece or " dorsal oar " [a), and a 
lower piece or " ventral oar " (5), both carrying a tuft of bris- 
tles and a soft jointed filament. 

The nervous system consists essentially of a double gan- 
gliated chain placed along the ventral surface of the body, and 
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traversed in front by tlie gullet, so that the first ganglion lies 
abiJve the gullet (Fig. 44). The digestive system consists of 
a mouth, generally with a protrusible proboscis, and sometimes 
horny jaws, a gullet, stomach, intestine, and a distinct anus. 
As a rule, the alimeataiy canal runs straight from one end of 
the body to the other without describing any convolutions in 
its course. In almost all oases the alimentary tube is placed 
ill a distinct cavity, which contains a fluid with solid par- 
ticles in it, believed to correspond to the blood of the higher 
Annulosa. In most, if not in all, there is an additional system 
of vessels which carry a fluid containing solid partides, which 
are contractile, and which send branches to the respiratory 
organs, when these exist. This system is believed not to cor- 
respond to the blood-vascular system of the higher animals, 
and ithas, therefore, been termed the "pseudo-hjemal" system 
(Gr. pseudos, falsity ; and haima, blood). It is believed, on 
the other hand, to be truly homologous with the water-vascu- 
lar system of the Annuloiiki. Respiration is effected by the 
general surface of the body, or by distinct gills or branchise. 
In most cases, also, there exists a series of peculiar involutions 
of the integument, which are known as the "segmental or- 
gans" or " respiratory pouches," and wliich are believed to 
be partially concerned in the respiratory process. The sexes 
in the Jlnnelida are sometimes distinct, sometimes united in 
the same individual. The embryos are almost always ciliated, 
and many of them pass through a metamorphosis. 
The Annelida may be divided as follows : 

SEcriON A. ABBANCinATA.— Without gills or branchi^. 
1, Hirudinea. — (Leeches.) 
%. Oligoch<Eta. — (Earth-worms.) 

Section B. Bkanchiata. — With branchice. 

3. Tiibicola. — ^Tube-worms.) 

4. Erraniia. — (Sand-worms.) 

Oedee I. Hirudinea (Lat. Mrudo, a horse-leech). — This 
order comprises only the leeches, some of which are marine, 
while others inhabit fresh water. The leeches (Fig, 4?) are 
all characterized by the fact that the body is destitute of 
lateral bristles or foot-tubercles, but is provided with a suck- 
ing-disk at one or both extremities. In the typical forms, as 
in the common medicinal leech, there are sucking-disks at 
both ends of the body, and in those in which only the hinder 
sucker is present, the head can be converted into a suctorial 
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cavity. Locomotion is effected either by means of the alter- 
nate fixation and detachment of the suckers, or by a serpentine 
bending of the body. 

The body is obviously ringed or annulated, but none of 
the rings carry lateral appendages of any kind. The mouth 
is sometimes destitute of teeth, but is occasionally armed with 
complex jaws. The alimentary canal 
is short, with lateral dilatations, and 
united to the skin by means of a 
spongy vascular tissue, so that the body- 
i ca\ity is obliterated. The pseudo- 
hiemal system is we!! developed, and 
consists essentially of four great longi- 
tudmal vessels. Respiration appears 
to be effected, in part, at any rate, 
by means of the segmental organs, 
which have the form of little sacs 
opening esternally by minute aper- 
\ tures. The nervous system has its 
3ual form, and the ganglia in fivjnt of 
the gullet ("prm-cesophaffeal" ganglia) 
give off branches to a number of simple 
eyes which are placed on the head. 
The sexes are united in the same in- 
dividual. 

Fii. 41— iiirudinta a^ie™> The most familiar of the leeches are 
ojsefsaiui), natiu^'^iffit'* ''^^ coiumon horse-leech (ITwmopaia), 
'*'*"_3SS™!5L1* S* 3n<J tlie medicinal leech {Sa/nguisuga 
Bneker nod triradi«M iawa; ojfteinalts, Fig, 47). The former has 
t^^VZ^^ small and blunt teeth, but the latter is 
tooiief margin. provided With three semicircular tooth- 

ed jaws (Fig, 47, J, c), which meet in a 
point, and are sufficiently powerful to cut through the human 
skin. The medicinal leech ia a native of fresh waters through- 
out the south and east of Europe, and it is imported in largo 
numbers from Hungary, Bohemia, and Russia. 

Oedee it. Oligoch^ta. — In this order are included the 
earth-worms {I/umbridddB), and the water-worms (Nit'ldtdw). 
They are all distinguished from the preceding by the fact 
that the body is furnished with rows of bristles which take 
the place of the foot-tubercles of the higher Annelida, and 
which are the organs of locomotion. They arc distinguished 
from the higher forms by the fact that the locomotive bristles 




ibyGoogle 



ANARTHROPODA. 



12; 



arc comparatively few in number, hence the modem name of 
the order (Gr. oliffos, few ; and chaite, a bristle). In tlie com- 
mon earth-worm (l/umbricm terrestris) the body is cylindrical, 
attenuated at both ends, and furnished with eight rows of 
locomotive bristles. The mouth is destitute of teeth, and 
opens into a gullet which leads to a muscular crop, succeeded 
by a second muscular dilatation or gizzard. The intestine is 
continued straight to the anus, and is constricted in its course 
by numerous transverse partitions springing from the walls 
of the body-cavity. The pseudo-haemal system is well de- 
veloped ; and there exists in even greater numbers than in 
the leeches the series of segmental organs, or lateral pouches, 
which open externally by pores. The JVaidid<e are chiefly 
noticeable on account of their power of producing fresh indi- 
viduals by a process of budding before they attain sexual 
maturity. One of the commonest of them la a little worm 
which occurs abundantly in many pools and streams {Tubi/ex 
rivulomm), and which exhibits a fine red color, owing to the 
pseudo-hsemal system being visible through the transparent 
integument, 

Ordek III. TtJBicOLA. — The Annelides included in this 
group derive their name from the 
fact that they have the power of 
protecting themselves by means of 
tubes (Lat, tuba, a tube; and colo, 
I inhabit). In some cases (Fig. 
48) the tube is composed of car- 
bonate of lime, and is a genuine 
secretion from the body. In all 
the Tuhieola the respiratory organs 
are in the form of branched fila- 
mentous external gills, in whi 
the fluid of the pseudo-hfcmal sys- 
tem is subjected to the action of 
the outer water. They are, there- 
fore, " branchiate " Annelides, As Fiq. * 
they live in tubes, however, a 
do not voluntarily espose more cwnmimis. 
than the anterior end of the body, 

the branchiEB are aU placed on or near the head. The filaments 
of which the gills are composed (Fig, 48, a) are richly ciliated, 
and, as the pseudo-hEemal fluid is usually red, they have gen- 
erally a beautiful scarlet color. 




ibyGoogle 



124 INVERTEBRATE ANIMALS. 

The most familiiir of tliG Tiibicola is the Seqiula (Fig, 
48, «), the contorted and winding tubes of which must be 
known to every one as occurring oo shells or stones on the 
sea-shore. One of the cephalic filaments in Serpula is much 
developed, and its extremity forms a kind of conical plug 
which serves to close the mouth of the tube when the animtd 
is retracted within it. In ^irorbis (Fig. 48, b) the shelly tube 
is coiled into a flat spiral, which is fixed to some solid object. 
It is of extremely common occurrence on the fronds of sea- 
weed, and on other submarine objects. 

Order IV. Errantta. — The Annelides comprised in this 
order are called "errant" {Lat. em-o, I wander), or "roving," 
from the fact that tbey all lead a free existence, and are never 
confined in tubes. They have always lateral unjointed ap- 
pendages, or foot-tubercles (Fig. 49), which carry tufts of 




Tia. ffi.— Emiit 



{Apkrodite); C 



bristles and a soft, jointed filament The anterior rings of 
the body are usually so modified as to form a sort of head, 
which IS provided with eyes and with two or more feelers, 
which differ from the antennse of insects and Crustaceans in 
not being jointed. The mouth is placed on the inferior sur- 
face of the head, and is sometimes furnished with one or more 
pairs of horny jaws, which work from side to side. The upper 



ibyGoogle 



ANARTUROPODA. 125 

part of the alimentary canal is muscular, and can be turned 
inside out, or protruded beyond the true opening of the 
mouth. The pBeudo-hsemal system is well developed, and its 
contained fiuid is mostly red. Respiration is effected by ex- 
ternal processes, gills, or branchise, arranged in tufts placed 
along the sides or back of the body, and not confined to the 
immediate neighborhood of the head, as in the Tubicola. The 
seses are in diiferent individuals, and the young pass through 
a. metamorphosis. 

Among the best known, and commonest of the Errant Anne- 
lides are the common lob-worm {Arenicola piacatorum) of our 
coasts, which is constantly used by fishermen for bait ; and the 
sea-mice {Aphrodite and Polynoe), some of which attain a large 
size, and are conspicuous for their iridescent bristles. Other 
less abundant forms may be readily obtained by searching 
under stones at low water. 
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CHAPTER XIII. 

AitTIIKOPODA. 

Division II. Arthropoda or Akticui^ta.— Tlie members 
of the sub-lringdom Anrmlosa comprised under this head are 
generally known as Articulate animals, or us Arthropoda (Gr. 
arthros, a joint; and^o»fes, feet). They are all distinguidied 
Iw the possession ot Jointed appendaffes ariiculaled to the body. 
The body is composed of a series of distinct rings or segments 
(technically called " somites ") arranged longitudinally one be- 
hind the other. The skin is more or less completely hardened 
by a homy deposit of " chitine," with or without lime, so as to 
form a resisting shell, to the inner surface of which the muscles 
are attached. There is consequently no necessity for any in- 
ternal skeleton. The nervous sj'stem in the young of all 
Articulate animals has its typical form of a chain of ganglia 

E laced along the ventral surface of the body, and traversed in 
ont by the gullet. In the adult, however, this typical state 
of the nervous system is often lost or modified. The blood- 
circulatory system may be absent ; but, when it is present, it is 
placed dorsally (Fig. 441, and consists of a true blood-system 
containing eorpuseidated blood, and furnished with a contractile 
cavity or Iieart. Respiration is sometimes effected simply by 
the general surface of the body, but there are generally special 
organs adapted for breathing air, either directly or through the 
medium of water. Jointed appendages are always present, and 
may be developed from any segment of the body. 

The Arthropoda are divided into four great classes — viz., 
the Crustacea (crabs, lobsters, etc.), the Arachnida (mitcf^, 
spiders, and scorpions), the Myriapoda (centipedes and gally- 
worms), and the Inaecta (or true insects). These are roughly 
distinguishable from one another by the following charac- 
ters 
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1. CRTiSTACEi. — Animal more or less truly ai^ualic; respiration by gilla, 
OP hj Ibe gonerttl aurfiice of the body ; two pairs of antenna; (feelers) ; loco- 
motive appendages more than eight in number, borne by tbe segments of the 
thorax, and usually of the abdomen also. 

2. Arachnida. — Keapiratlon aBrial, by pulmonary sacs, by aic-tubea 
(tracheie), or by the generai surface of the body ; heaid and thorax amalga- 
mated ; antenna ( as such), absent ; legs ^ght ; abdomen nithout jointed 
appeiida^s, 

S. HVBIAPODA. — Respiration by air-tubes (tracheie); head distinct; re- 
mainder of the body composed of nearly similar Eegments ; one pair of 

4. Insecta. — Respiration by air-lubes (trachea); head, thorax, and 
abdomen distinct I one pair of antenme; three pairs of l^s borne on the 
tlifirax ; abdomen destitute of limbs ; generally two pairs of wings on (he 
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Crus- 



CiASS I. Crustacea (Lat, crusta, a crust, or external 
shell). — The members of this class are commonly known as 
crabs, lobsters, shrimps, prawns, king-crabs, barnacles, acom- 
shells, wood-lice, etc. They are nearly allied to the succeeding 
class of the -^racMwfo (spiders and scorpions), but are dis- 
tingTiished by their adaptation to a more or less purely aquatic 
life, by having jointed appendages upon the hinder segments 
of the body (abdomen), and by the possession of two pairs of 
antennae. As a class, the Cmstacea are distinguished by 
being usually furnished with branchise or respiratory organs 
adapted for breathing air dissolved in water, by having more 
than four pairs of legs, by having a well-developed chitinous 
or partially calcareous "crust" or external skeleton, by the 
fact that some of the appendages are generally bo modified as 
to act as organs of mastication, and by passing through a meta- 
morphosis before attaining their adult condition. 

The body in a typical Crustacean is composed of twenty-one 
(or, according to some writers, twenty) distinct segments or 
somites, placed one behind the other. These segments are 
distributed in three distinct divisions, known respectively as 
the "head," the "thorax" or chest, and the "abdomen" or 
tail, each of which is usually regarded as being composed of 
seven segments. In very many cases, however, the fourteen 
segments belonging to the head and chest are amalgamated 
together into a single mass, which is termed the " cephalo- 
thorax," thus leaving seven segments to the abdomen. It 
will be unnecessary, however, to dwell here longer upon the 
structure of the Crustacea, as the general morphology of 
the class will be given at somewhat greater length in speak- 
ing of the lobster. The classification, also, of the C 
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is so complex tbat it will be as welt to omit altogetlier tbe 
less important orders, merely giving the names and leading 
characters of these in an appendix. It Las also been thought 
advisable to invert the usual order here adopted, and to com- 
mence with the consideration of the Lig-hest sections of the 
class first. 

Okdek Decapoda. — The Cm^acea included in this order 
derive their name from the fact that they all possess five pairs 
of legs (Gr, d^a, ten; podes, feet). They belonj^ to a large 
section known as tbe " stalk-eyed " Crustaceans, from the fact 
that the eyes are supported by long, movable stalks. They 
include the lobsters, shrimps, cray-fish, crabs, hermit-crabs, and 
other forms, and are tbe most highly organized and most familiar 
of tbe whole class of the Crustacea. They are divided into 
three very well marked groups or tribes, all of which can be 
exemplified by the well-known British species. 

A. Macrura. — The name of Macfmra (Gr. makros, long ; 
and oura, tail) is given to those ten-footed Crustaceans which 
have a long and well-developed tail. Among these are the 
lobster, shrimp, prawn, and cray-fish, of which the lobster may 
be selected as a good typical example. 

In the lobster {Fig. 50) the body is at once seen to be 
composed of two parts, familiarly called the " head " and 
" tail." The so-called head is covered by a great shield termed 
the " carapace " (Fig, 50, ca), and it is in reality the cephalo- 
thorax, being composed of the amalgamated segments which 
belong to the true bead and to the thorax. Tbe so-called 
tail is really the abdomen, and it is composed of a number of 
segments which are not immovably united together, as in the 
cephalo-thorax, but are niovably jointed together. The vari- 
ous appendages of the animal are arranged in pairs on the 
under surface of the body; and, where the segments are com- 
pletely amalgamated (as in the cephalo-thorax), their existence 
may, nevertheless, be determined by the presence of a pair of 
appendages. The first segment of the head carries a pair of 
compound eyes, made up of a number of simple lenses aggre- 
gated together, and supported upon long and movable eye- 
stalks. Behind these come two pairs of jointed organs of 
touch, which are known as the " antennfe." The front pair is 
much smaller than the hinder pair, and they are known re- 
spectively as the " lesser antenna;," or " antennules," and 
the "great anteniiEc." Behind these, again, comes the mouth, 
which is placed on the under surface of the head, and is pro- 
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altogether from the jaws of the Vertebrate animals. That 
this is their real nature is shown most obviously in the hind- 
most paira of these jaws, which are so little altered from ordi- 
nary legs that they are known as " foot^jaws." The last five 
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segments of tiie thorax carry five pairs of walking-legs, hence 
the name Decapoda applied to the order. Of these legs, the 
first three pairs have their extremities converted into nipping- 
claws or " chelae," and the first pair Is much larger than the 
others, and constitutes the well-known great claws of the lob- 
ster. The last two pairs of legs simply terminate in pointed 
extremities, and not in pincerS. The segments of the abdo- 
men, with the exception of the hindmost, carry each a pair of 
paddle-like appendages, which are used in swimming, and are 
called the " swimmerets." The last pair of swimmerets are 
attached to the last segment but one, and are very greatly ex- 
panded, so as to form a very powerful tail-fin. "rtie last seg- 
ment of all is known as the " telson," and is not provided with 
any lateral appendages. 

The mouth in the lobster leads by a short gnUct into a 
globular stomach, which is furnished with a calcareous appa- 
ratus for grinding down the food, commonly called the " lady 
in the lobster." The intestine is continued backward from 
the stomach without convolutions, and opens by a distinct 
anus placed in front of the telson. A well-developed liver is 
also present. The heart is placed dorsally, and is filled with 
aerated blood derived from the gills, which it propels through 
every part of the body. The gills, or braochia!, are pyrami- 
dal bodies attached to the bases of the legs, and placed in 
a kind of chamber formed beneath the great shield, or cara- 
pace, on each side of the body. They consist each of a central 
stemsupportingnumerous lateral branches, and they are richly 
supphed with blood. The water which fills the giU-chambers 
is constantly renewed by the movements of the legs, and thus 
the gills are kept constantly supplied with fresh water. The 
nervous system is placed along the ventral surface of the body, 
and has its usual form. The organs of sense are the two pairs 
of feelers or antennse, the compound eyes, and two organs of 
hearing, 

S. Anomura. — The most familiar members of this tribe 
are the hermit-crabs (Paffwridm) which occur so commonly on 
every shore. They are distinguished by the fact that the ab- 
domen is quite soft, and is not protected by a chitinous crust. 
The animal, therefore, is compelled to protect the defenceless 
part of the body in some artificial manner, and this it effects 
by appropriating the empty shell of some dead mollusk, such 
as the common periwinkle or whelk. The abdomen is pro- 
vided with special appendages to enable the intruder to re- 
tain firm hold of his borrowed dwelling, at the same time that 
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ho can change it at will nliLn too sttiall or otherwise incon- 
venient. The first pair of legs are developed into pretty 
powerful nipping-diws or chel'c, and one of them is always 
much larger than the other, and acts is a kind of plug, block- 
ing up the entrance of the shell when the animal is retracted 
within it. 

C. Brachyura. — ^The decapod Crustaceans included in 
this tribe are famili-irly know n as crabs, md they derive their 
name of Brachyura (G l/ia'hu^, short , nnd ouui, tail)- from 




61.— Brochyum. Tie Spiny Spi.let-crah {Main iqutnodo). 



the rudimentary condition of the abdomen. The a 
fact, is not only extremely short, but it is always tucked up 
beneath the greatly-developed cephalo-thorax, so that it is not 
visible at all, except when the animal is looked at from below 
(Fig. 61). The crabs are very various in their habits, but they 
are mostly denizens of the shore, hiding beneath stones or sea- 
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weed, in cracks of rock, or in pools near the line of low wuter. 
Some of tbem, however, can swim with tolerable activity, and 
some of them (the land-crabs) even live habitually iijand. 
Oue group, the " pea-crabs," is distinguished by the singular 
habit of living semi-parasitically within the shells of bivalve 
mollusks, such as the great horse-mussel. 

The young or larval crab is exceedingly unlike the adult, 
and has a long and well-developed abdomen, thus approximat- 
ing to the type of structure which is permanently retained in 
the Macrura. 



Oedbk Isopoda (Gr, isos, equal 
order are a number of Crus- 
taceans of which some in- 
habit the sea, others are 
parasitic in their habits, and 
others are terrestrial. The 
best known are the common 
wood-lice ( Onisous, Fig. 53), 
which are found so com- 
monly under stones, or in 
the crevices of old walls. 
The Isopods all belong to 
a group of Crustaceans in 
which the eyes are not sup- 
ported upon stalks, and they 
are therefore said to be "ses- 
sile-eyed." The head ia dis- 
tinct from the segment bear- 
ing the first pair o£ feet. The 
thoracic feet are all similar 
to one another, and the bran- 
chiiE are developed on the 
abdominal legs. 



!, feet).— In this 




OjtDEE Meeostomata. — In this order are only the living 
king-crabs {Liinulus), and some large eKtin«!t forms nearly 
allied to them. They are all distinguished by the feet that 
the appendages which are placed- round the mouth act by 
their bases as jaws, but have their extremities developed into 
swimming-paddles, walking-fcet, or nipping-claws. 

The King-crabs or Horseshoe crabs {Fig. 53) constitute a 
special group called Xiphosura (Gr. xipkos, a sword ; and 
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oura, tail), from the fact that the end of the abdomen is 
furnished with a long Bivord-like spine (Fig. 53, (). The 
mouth is surrounded by six pairs of appendages, the bases of 
which are spinous and act as jaws, while their free extremities 
are developed into nipping-claws or chela). The whole of the 
upper surface of the body is protected by a kind of buckler, 
composed of an anterior semicircular shield, and a posterior 
somewhat hexagonal plate, the under surface of which carries 
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branchial plates, while the sword-like telson is jointed to its 
hinder margin. The king-crabs attain a large size, and are 
often called " Molucca crabs" from their occurrence in the 
Moluccas. Both the eggs and the flesh are eaten by the 
Malays. 

Qosely allied to the king-crabs is the extinct family of the 
Eurypterida, an example of which is figured above {Fig. 54). 
This species is supposed to have attained a length of probably 
MX feet, but other forms were very much smaller. 
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Oedee Trtlobita, — The Trilobites constitute another 
wliolly extinct order of the Crtestacea, and deserve a short 
notice from their great geological importance. They derive 
their name from the fact that the body eshibits a more or less 
coiispiouous division into a central and two lateral lobes (Big. 
55, 1). The entire shell or crust is composed of an anterior 




(aft« Salter) 



semicircular shield, covering the bead (Fig. 55, 3), a series of 
movable rings, constituting the thoras, and a tail-piece com- 
posed of amalgamated segments, and representing the abdo- 
men. On the under surface of the sliell nothing had ever 
been discovered except the upper lip, but recently traces of 
limbs have been made out. The cephalic sliield usually 
bears a pair of compound eyes (Fig. 55, 3 o), Bht these are 
sometimes wanting. It is probable that most of the Trilo- 
bites possessed the power of rolling themselves up into a ball, 
much as our modem wood-lice. The Trilobites are only known 
as occurring in the older rocks of the earth's crust, and they 
are chiefly characteristic of the period known to geologists aa 
the " Silurian." 

0edee3 Clacocbea, Copepoda, and Ostracoda. — These 
orders desen'e mention more from the extreme abundance of 
their commoner forms than for any other reason. They in- 
clude a number of minute Crustaceans, most of which are 
commonly called " water-fleas," and abound in fresh waters in 
most parts of the world. They are, however so small that, 
though visible to the naked eye, they can only be satisfac- 
torily examined under the microscope. As an example of the 
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Cladocera may be taken the " branched-homed water-flea " 
{Daphnia puiex. Fig. 56, b), thousands of which may be 
captured in any pond in summer. In this pretty little species 
the whole body is enclosed in a bivalve shell, which is so 
transparent that the whole organization of the animal is clearly 
visible through it The head is distinct, and carries a single 




eye. The greater antennso arc branched. The males are 
smaller than the females, and much fewer in number; and it 
appears to be a well-established fact that the female, when 
once fertilized by the male, can not only lay eggs for the rest 
of her life, but can transmit the power of producing fertile 
ova to her young for several generations. Of the Cop^oda 
one of the commonest is the Oydops (Fig. 56, c), in which 
the cephalo-thorax is covered by a shield, and there is a well- 
developed abdomen. The female carries on either side a kind 
of pouch or ovisac, in which the eggs remain till they are 
hatched. The httle Ostracoda (Fig. 56, a) are all minute 
Crustaceans, which occur in both fresh and salt water. They 
are distinguished by the fact that the body is entirely enclosed 
in a shell, which is made up of two lateral halves or valves. 
The valves of the shell are united by a membrane along the 
back, but can be opened below, so as to allow of the protrusion 
of the feet. 

Order Ciekipedia. — The last order of Crustacea which re- 
quires mention is that of the Ctrripedta (Lat. cirrus, a curl ; 
and pes, foot), comprising the so-called barnacles and acorn- 
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EheLs, both extremely unlike Crustaceans to look at. All the 
Cirripedes arc distinguished by the fact that, whOe they are 
quite free when young, and very similar to some of the little 
CrustaceaTis jast described, when adult they are immovably 
fixed by their heads to some solid object. In this fixed con- 
ditio« the body and internal organs are, in most cases, pro- 
tected by means of a calcareous shell, composed of many pieces, 
and the only part of tiie body which remains movable is the 
legs, which are constantly thrust out of the shell and again 
drawn in in quest of food. The Cirripedia were formerly de- 
scribed as " multivalve " shell-fish {MoUusca), owing to their 
possession of a regular calcareous shell. Two distinct types 
of structure are known among the Cirripedia {Fig. 57), con- 
stituting the two families of the barnacles {L^>adid<e), and 
the acoro-shelb (Salanidm). 

In the barnacles (Fig. 57, 5), the anterior end of the body 




Ciinpalc(BaCii!tus); * Stalkeil Cirripcilc <Z.epOB). 



is much elongated, and is converted into a kind of stalk, by 
means of which the animal is attached to some solid object, 
such as a rock, a floating log of timber, or even some marine 
animal. In the acom-shells (Fig. 57, a), which occur in 
myriads upon every solid object between tide-marks, there is 
no stalk, but the head is firmly cemented to the centre of a 
membranous or shelly plate. The body is enclosed in a limpets 
shaped or conical shell, composed of several pieces, and having 
an aperture at its summit. This opening is closed by a mov- 
able lid, and &om it the animal can protrude its dehcate legs 
or " cirri," which look like a " glass hand," and are constantly 
employed in sweeping the water in search of food. 

In accordance with tlie fixed condition of the adult, almost 
all the CiTT'lpedia are hermaphrodite, possessing both male 
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and female organs of reproduction. In some oases, hoivever, 
males exist, but these are mucli smaller than the females, and 
quite different to them in appearance, and they spend their 
existence within the shell of the female. 

Appbndis, qitino the EEMiiNiua Ordebs op Ckhstacea. 



0r3£r mtisocephala. — Minute Crustaceans, free when young, but when 
adult parasiticaUy attached to the abdoineQ of various crabs. Wlien adult 
they are completelj deformed, deetitnte of limbs, and attached to their host 
by means of numerous branched tubes or roots which ramify deeply among 
the internal organs. Mc FeUogatter. 

Order Ichihyophthira. — Minute Cmstaoeans, free when young, but when 
adult parasitic upon various kinds of fishes; adult usually deformed uiid 
Boft ; young with eyes and swimming-feet. Ex Lernipa 

Order Phyllopoda. — Thoracic feet leaf-like and acting as 1 ranchiio i3r 

Order X/emodipoda. — Eyes sessile; abdomen rulimentarv respiration 
by means of little vesicles attached to the liiorai-ic segments or leg'j £x 
Cyamm (the whale-louse). 

Order Amphipoda. — Byea sessile; abdomen well developed re pir'itoiv 
organs in the form of vesicles attached to the tboraLii. limbs i/i '^□d 
hopper ( TcdUrvs) ; Fresh-water shrimp ( ffamnmn*. ) 

Order Slomapoda. — Eyes stalked; gills unfroUcted usually o i ] ended 
beneath the abdomen. Ex. Looust-ahrimp (Sjuillaj, 
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Class II. Akachnida (Gr. Araafme, a spider).— This class 
includes the mites, ticks, scorpions, and spiders, and, »a a 
whole, is very nearly related to the preceding. The Araehnida, 
however, are distinguished from the Crustacea by being adapted 
in most cases for a strictly terrestrial life, so that when any 
distinct breathing-organs are present these are never in the 
form of gills, but ate always either pulmonary sacs or air- 
tubes {prachecB). In none of the Araehnida, further, are there 
ever more than four pairs of legs, and the segments of the oi- 
dotnen never carry limbs of any sort. The eyes are always 
sessile, and never supported apon stalks ; if antenniB exist 
at all, they are much modified, and the Jiead ia alioaya amal- 
gamated with the thorax, so as to form a cephaio-thorax. 

The integument usually produces chitine more or less 
abundantly, so as to constitute a resistent shell ; but in some 
cases the skin remains permanently soft. The mouth is situated 
in the anterior portion of the body, and in the higher forms is 
furuished with a pair of prehensile jaws, called " mandibles," 
a pair of chewing-jaws, called "maxillae, and a lower lip. In 
tlic scorpions an upper lip is present as well. In the true 
spiders each mandible terminates in a sharp movable hook, 
perforated by a canal which communicates with a poison-gland 
situated near its base. By means of this poisonous fluid the 
spiders kill such animals as they capture. In the scorpions 
the mandibles are short, and terminate in strong pincers. In 
them, too, the maxilte are furnished with enormously-de- 
veloped nipping-claws or chelse.* In all the Araehnida the 
mandibles are believed to correspond to the antennas of the 
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Crustacea. In the lower Arachnida, such as the ticks, the 
organs of the mouth are modified to enable them to imbibe 

The mouth in. the Arachnida opens into a pharynx, which 
is of extraordinarily small diameter in the true spiders, which 
live simply on the juices of their prey. The intestinal canal 
is usually short and straight, and is continued without convo- 
lutions to the aperture of the anus. Salivary glands are also 
present, as well as ramified tubes which are believed to act aa 
kidneys. 

The circulation ia maintained by means of a dorsal heart, 
which is situated above the alimentary canal. All the Arao/t- 
nida breathe air directly, and the function of respiration is 
performed by the general surface of the body (as in the lowest 
members of the class), or Ijy branched aii^tubes termed "tra- 
cheje," or by distinct pulmonary chambers or saes, or, lastly, 
by a combination of trachese with pulmonary sacs. The tra- 
cheEe are essentially similar in structure and function to the 
breathing-tubes of the Myriapoda and Insecta, and consist of 
tubes, w^hich open on the surface of the body by distinct aper- 
tures called " spiracles." The walls of the tube are prevented 
from collapsing by means of a spirally-coiled thread or filament 
of ohitine, which is wound round their walls within their inner 
lining. The pulmonary sacs which occur in the Arachnida 
are simple chambers formed by an inversion of the skin, which 
constitutes a number of closely-set plates or folds. The whole 
of the interior of the pulmonary sacs is richly supplied with 
blood, and air is admitted by means of minute external open- 
ings. 

The nervous system is of the regular articulate type, but 
the ganglia of the ventral chain are often massed together in 
particular situations. In no case are compound eyes present; 
and, when distinct organs of vision exist, these are in the form 
of from two to eight simple eyes. 

Oedees of the Araconipa. 

Oedek I, PoDOSOMATA, — In this order are included the 
" Sea-spiders," which arc wholly marine, and were long be- 
lieved to be referable to the Vrustacea on this account. As 
they have no respiratory organs of any kind, the question can- 
not be definitely settled, but they have no more than four 
pairs of legs, and would therefore seem to be properly refer- 
able to the Arachnida. In some forms the legs attain an ex- 
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traordinary length, and contain prolongations from the stom- 
ach. They are all grotesque-looking animals, found at low 
■water upon stones or marine plants, or paraeitically attached 
to marine animals. One of the commonest forms is figured 
below (Fig. 57^, a). 

Ohdek it. AcAEiNA, — The most familiar members of this 
order are the Mites and Ticks (Fig. 57^, 6, c). They are dis- 
tinguished by the fact that the abdomen is amalgamated with 
the cephalo-thorax to form a single mass. Respiration is ef- 
fected by the general surface of the body or by air-tubes 
(tracheije). 

The habits of the mites are extremely varied. Some are 
found upon different plants (Fig, 67J, b) ; others are parasitic 
upon water-insects when young, but swim about freely when 
adult (Fig. 57|, c) ; others are permanently parasitic upon 
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other animals, such as sheep, dogs, insects, etc. ; and others 
inhabit decaying provisions, as is the case with the well-known 
" cheese-mite " {Acarus domeaticm). Two species have a con- 
siderable medical interest as attacking man. One of these 
causes the skin-disease which is known as the "itch," and the 
other is found inhabiting certain glandular follicles of the 
skin, probably without an exception even in favor of tjie most 
cleanly people. 

Order III. pEniPAi.Pi.~In this family are the most for- 
midable of all the Arachnida — namely, the Scorpions. They 
are all distinguished by the fact that the abdomen is divided 
into distinct segments, and is continued into the cephalo- 
tUorax without any well-marked boundary or constriction. In 
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the true scorpions the end of the abdomen (Fig. 58) ia com- 
posed of a hooked teison, which is perforated for the duct of a 
poison-gland, situated at its base. It is by means of this that 
the scorpions sting ; and the poisonous fluid which they secrete 




is sufficiently powerful to cnler their wtund tioublesome 
and painful, if not positively dangerous The n andibles in 
the scorpions, as already aid are dev loped into pincers, and 
the so-called " maxillary p<dpi constitute powerful nipping- 
claws. The respiratory organs are in the lorm of pilnionary 
sacs, four on each side opening on the under surface of the 
abdomen by as many distinct apertutes oi piracies 

The scorpions live in the warmer regions of the temperate 
zone and in tropical countnes, and are generaDy found hiding 
under stones or in crevices of walls. Their sting, though 
much exaggerated, is certainly capable of producing very un- 
pleasant symptoms.* 

Oedeb IV, AitASEiDA.— In this order are the true Spiders, 
readily distinguished from the insects, with which they arc 
popularly confounded, by having four pairs of legs, as well as 
by other characters. In all the tjnie spiders (Fig. 59) the seg- 
ments of the thorax and head are united t« form a single mass 
or cephalo-thorax, to which the soft and unsegmented ab- 
domen is joined by a constricted stalk, or neck. Respiration 
is effected by means of pulmonary sacs, usually conjoined with 
trachese. The pulmonary sacs are two or four in number, and 
open on the surface of the abdomen by as many apertures. 

* Nearly allied to tie ScorplonB ore the ao-E 
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The head bears from six to eight simple eyea ; the mandibles 
are hooked, and carry the duct of a poison-gland; and the 
maxillary palpi are not developed into nipping-claws. The 
spiders are all predaceous and rapacious animals, and many of 




them possess the power of cunstructmg webs, either for the 
capture of their prey, or simply for lining their habitations. 
For the production of the web, spiders are furnished with 
special glands, situated at the extremity of the abdomen. The 
secretion of these glands is a viscid fluid, which hardens rapid- 
ly on exposure to air, and which is cast into its proper thread- 
like shape by passing through what are called the " spin- 
nerets." These are little conical or cylindrical organs placed 
at the end of the abdomen, and perforated by a number of ex- 
tremely minute tubes, through which the secretion of the 
glands has to pass before reaching the air. Many spiders, 
however, do not construct any web, unless it be for their own 
habitations, but simply hunt their prey for themselves. 

The spiders are oviparous, and their young pass through 
no metamorphosis, but they cast their skin, or " moult," re- 
peatedly before they attain the size of the adult. 
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MrRIAPODA. 

Class III. Myeiapoda (Gr. murios, countless ; podea, 
feet), — This class is an extremely small one, and includes only 
the Centipedes and the Millipedes. In all the Myriapoda the 
head is distinct, and not amalgamated with the thorax. There 
is no clear boundary-line between the thorax and the ab- 
dOTuen, both being composed of nearly similar segments. The 
bo^, with one exertion, dhoays consists of more than twenty 
rings, and the hinder segments, which correspond to the ab- 
domen, always carry locomotive appendages, whereas the 
abdominal rings in Arachnida and Insecta are always des- 
titute of locomotive appendages. One pair of antenmB is 
present, and the number of the legs is always more than eight 
pairs. Respiration is carried on by branched air-tubea or 
trachese. 

In most of their characters the Myriapoda closely re- 
semble the true insects, with which, indeed, they are not un- 
commonly classed. The true insects, however, always have 
the head, thorax, and abdomen, distinct from each other, and 
have never more than three pairs of legs. In most of the 
Myriapoda the young, or " larvse," are more like insects than 
the adult, since they have only three pairs of legs, or are alto- 
gether destitute of feet. In some cases, however, the young 
Myriapod, on escaping from the egg, possesses nearly all the 
characters of the parents, except that the number of body- 
rings, and consequently of legs, is smaller, and increases with 
every change of skin (" moult "), The class is divided -into 
two leading families, represented by the common Centipedes 
and Millipedes. 

The Centipedes (Fig. 60) are carnivorous in their habits, 
and the organs of the mouth are adapted for a life of rapine. 
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In addition to the parts of tlie mouth proper, they liavo two 
pairs of " foot-jaws," of which the second is hooked and per- 
forated for the dischai^ of a poisonous fluid. The bite of the 
mon European species is perfectly harmless to man, but 
e of the tropical forms attain a length of a foot or more, 
arc consequently able to inflict extremely severe and even 




dang-erous bites. The true centipedes are further distinguished 
by the number of legs not being indefinitely great (usually 
from fifteen to twenty pairs), and by the fact that the ant«nnie 
are composed of not less than fourteen joints each. 

The Millipedes (Fig. 61) are repulsive-looking but perfectly 
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innocent animals, which feed principally upon decaying vege- 
table matter. The body, in the ordinary millipedes, is round- 
ed and worm-like, and the segments are so amalgamated that 
each apparent body-ring gives origin to two pairs of minute, 
thread-like feet. The mouth is destitute of the powerful jaws 
which are found in the centipedes, the legs are indefinitely 
numerous, and the antennas are short, and are composed of no 
more than six or seven joints each. 

The European mUIipedes arc all of small size, but an Amer- 
ican species is stated to attain a length of more than half a foot. 

A third family has been established for a curious Jittle 
creature called J'atiropus. In this the body consists of only 
ten segments, and there are no more than nine pairs of legs. 
The antennse are five-jointed, forked, and provided with jointed 
appendages. There are no tracheie, and respiration is carried 
on by ihe skin. It is very small, and is found inhabiting 
'cs and damp situations. 
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CiAss IV, Insbcta. — The tme Insects are distingriished 
from the preceding classes of articulate animais by the fact 
that the three divisions of the body, namely, the head, thorax, 
and abdomen, are always distinel from one anot/ier ; there 
are never more than three pairs of legs in the advlt, and these 
are borne upon tite thorax y the abdomen is destitute of loco- 
motive appendages. Kespiration is efiected by means of air- 
tubes or tracheje, and, in most insects, two pairs of wings are 
developed from the back of the second and third segments of 
the thorax. 

The integument in insects is more or less hardened by 
the deposition of chitine in it, and the body is deeply cut into 
segments — hence the name Insect {horn the Latin inseetus, cut 
into). The head in insects (Fig. 62, a) is composed of several 
segments amalgamated together, and carries a pair of jointed 
feelers or antennaj, a pair of eyes, usually compound, and the 
appendages of the mouth. Tne thorax in insects {b, c, d) is 
composed of three segments, which are amalgamated together, 
but are generally pretty easily recognized. Each of these 
segments of the thorax carries, in perfect insects, a single 
pair of jointed legs, so that there are three pairs in ail. To 
the back of the two hinder segments of the thorajt, in most 
insects, there are also attached two pairs of wings. In their 
typical form, the wings are membranous expansions, supported 
by more or less numerous hollow tubes, known as ihe "nerv- 
ures." One or both pairs of wings may be wanting, and 
when all are present the anterior pair may be much modified 
by the deposition of chitine in it. These modifications will 
be treated of in speaking of the orders of insects. The abdo- 
men in insects (e) is properly composed of nine segments, 
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wLich are usually more or less freely movable upon one an- 
other, and whicli never carry locomotive limbs, as is so com- 
monly the case in the Crustacea. The extremity of the abdo- 
men is, however, often furnished with appendages which are 
primarily connected with reproduction, but which are ofteo 
converted into weapons of offence and defence. Of this 
nature are the " ovipositors " of ichneumons, the stings of 
bees and wasps, and the forceps of the common earwig. 

The organs of the mouth in insects require a brief consid- 
eration, as being in the closest possible relation with their 
habits and mode of life. Two chief types of mouth are recog- 
nizable in insects, termed respectively the " masticatoiy " and 
" suctorial," according as the mouth is fitted for biting and 
chewing, or simply for imbibing fluids. The masticatory 
mouth is seen in perfection in the beetles, in which the follow- 
ing organs are present: 1. An upper lip or "labrum" at- 
tached below the front of the lead. 3. A pair of biting-jaws 
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or " mandibles." 3. A pair of chewing- jaws or " maxillae " 
provided with jointed filaments, called the " maxillary palpi." 
4. A lower lip or "labium" which also carries a pair of 
jointed filaments, known as the " labial palpi," In the typical 
suctorial mouth, as seen in the butterflies and moths, the fol- 
lowing is the arrangement of parts : The upper lip and man- 
diblea are quite rudimentary ; the maxlllfe are greatly length- 
ened, and form a, spiral tube fitted for sucking up the juices of 
flowers ; and the labial palpi are much developed, and form 
two hairy cushions between which tlie trunk can be coiled up 
when not in use. In many insects, the organs of the mouth 
are essentially adapted for suc- 
tion, but are also fitted for pierc- 
ing sohd substances, such as the 
skin of animals or the stems of 
plants. In these the lower lip 
forms a kind of sucking-tube or 
sheath, within which are con- 
tained the maxiUaa and mandi- 
bles, which are modified so as 
to form piercing organs or lan- 
cets. In the common bee, the 
masticatory and suctorial types 
of mouth are combined. The 
mandibles or biting-jaws are re- 
tained, to enable the honeycomb 
to be manufiictured, and there 
is also a tubular trunk fitted for 
sucking up the juices of flowers. 
In the butterflies, too, in which 
the mouth of the adult is strict- 
ly adapted for suction, the cater- 
pillar is furnished with a mas- 
ticating month, so that it can 
feed upon leaves or other solid 
] substances. 

The mouth in the mastica- 
ting Insects (Fig. 63, a) leads 
into a membranous and often 
folded cavity, termed the "crop" (6), from which the food 
passes to a second muscular cavity or "gizzard" (c). The 
gizzard is adapted for crushing the food, and often has plates 
or teeth of chitine developed in its walls. It is succeeded 
by tbe true digestive cavity (d), which is termed the " chy- 
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lific stomach." From this there proceeds aa intestine (/), 
of variable length, which usually terminates in a chamber (ff) 
called the "cloaca" (Lat. cloaca, a sink), into which the ducts 
of the reproductive organs open. The commencement of 
the gullet is furnished with glandular appendages, which are 
believcii to discharge the functions of salivary glands. Imme- 
diately behind the posterior aperture of the stomach are a 
variable number of ctecal convoluted tnbes (e), which are 
known as the " Malpighian vessels," after their discoverer Mal- 
pighi, and which are generally looked upon as representing tlic 
liver. Close to the cloaca may be other tubes, which are be- 
lieved, from their position, to exercise the functions of kid- 
neys (A). 

The circulation in insects is mainly carried on by a long, 
contractile tube, placed along the back, and termed the "dor- 
sal vessel." The blood, collected from the various tissues and 
organs of the body, enters the dorsal vessel from behind, and 
is driven forward to the anterior extremity of the body. Res- 
piration is effected by means of air-tubes or trachese, which 
commence at the surface by so many apertures or spiracles, 
and branch repeatedly as they proceed inward through the 
tissues. They have essentially the same structure as in the 
Arachnida, consisting of membranous tubes strengthened by 
means of a spirally-coiled filament of chitine. 

The nervous system in insects, though sometimes some- 
what modified, has essentially the regular annulose form of a 
ventral chain of ganglia, traversed in front by the gullet. The 
organs of sense are the eyes and antenna The eyes are 
usually "compound," and arc composed of numerous six-sided 
lenses, united together, and each supplied by a separate ner- 
vous filament. As many as eight thousand of these lenses 
have been comiteJ in one of ^e eyes of the common cock- 
chafer, and this number is sometimes greatly exceeded. Be- 
sides these compound eyes there are sometimes " simple " 
eyes, identical in structure with the single lenses of the com- 
pound eyes ; and in rare cases these are the only organs of 
vision. The feelers or antenna;, with which all insects are 
furnished, are jointed filaments attached close to the eyes, and 
assuming very different shapes in different insects. They ap- 
pear to be certainly organs of touch, but they very probably 
minister to other senses as well, and there is some reason to 
suppose that they arc connected with the sense of bearing in 
particular. 

The sexes in insects arc distinct, and most of them are 
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oviparous. Generally speaking, the young insect is extremely 
different in external character from the aduit, and it requires, 
before reaching maturity, to pass through a series of changes 
which collectively constitute what is called the "metamor- 
phosis. In some insects, however, there is no proper meta- 
morphosis, and in some the changes which take place are not 
so complete and striking as in others. By the absence of met^ 
amorphosis, or'by its completeness when present, insects are 
divided into three convenient, though perhaps not strictly 
natural, sections, as follows : 

Section I. AmetaboUo Insects. — The insects belonging to 
this section are said to be "Ametabolic" (Gr. «, without; 
mcfaSofe, change), because they pass through no metamorpho- 
sis. The young, on their escape from the egg, resemble the 
adult in every respect except in size, and tfiej undergo no 
alteration, in reaching maturity, except tliat they grow larger. 
All the insects of this section are destitute of wings in the 
adult state, and they are therefore often called "Aptera" 
(Gr. a, without ; pteron, a wing). 

Section IT. JTemimetaboUc Insects. — In the insects be- 
longing to this section {(Jr. hemt, half; and metabole, change), 
there is a metamorphosis consisting of three stages, but these 
stages do not differ much from one another in appearance. 
The young, on escaping from the egg, is known as the " larva," 
and it is not only much smaller than the adult, but is desti- 
tute of wings. After several changes of skin, the larva enters 
into the second stage, when it is termed the "pupa." The 
pupa is active and locomotive, and rarely differs much from 
the larva, except that it is bigger, and rudimentary wings 
have now appeared on the back of the thorax. After a cer- 
tain period, and after some changes of skin, the wings burst 
from Jiheir sheaths, and the pupa is now converted into the 
third and final stage, when it is known as the "imago" or 
perfect insect. In ail the insects belonging to this section — 
such as grasshoppers, dragon-flics, etc. — the second stage or 
pupa is active and locomotive; and for this reason the meta- 
morphosis is said to be "incomplete.' 

Section III. HoliimetahoUe Insects (Gr. hvlos, entire ; and 
metabole, change). — The insects belonging to this section — 
such as butterflies, moths, and beetles — pass through three 
stages, just as do the preceding, but these stages differ from 
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one another very niucli in appearance, and the metamorphosis is 
therefore said to be " complete " (E'ig. 64). In these insects the 
larva is worm-like, segmented, and nsnally furnished with loco- 
motive feet, which do not correspond with the three pairs proper 
to the adnlt (see Fig. 71, b), though these are usually present 
as well. The larva is also provided with masticating organs, 




and eats voraciously. In this stage of the metamorphosis, the 
larvffi constitute what are popularly known as " caterpillars " 
or "grubs." Having remained in this condition for a longer 
or shorter time, and having undergone repeated changes o£ 
skin, necessitated by its rapid growth, the larva passes into 
the second stage, and becomes a pupa (Fig. 64 — see also Fig. 
71). In this stage the insect remains quiescent, unless irri- 
tated, and it is very often attached to some foreign object, so 
as to be quite incapable of changing its place. In the case 
of the butterflies and moths, the pupa constitutes what is so 
familiarly known as the " chrysalis." The body is protected 
by a chitinous pellicle, and in some cases this is still further 
protected by the dried sldn of the larva ; while in otiier cases 
the larva — immediately before entering the pupa stage — spins 
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for itself a protective case of silken threads, which surrounds 
the chrysalis, and is known as the " cocoon." Having re- 
mained for a variable time in this inanimate, quiescent pupa- 
stage, during which rapid changes have been going on in the 
interior of the animal, the insect now frees itself from the en- 
velope which obscured it, and appears as the perfect winged 
adult or imago. 



ibyGoogle 



CHAPTER XVni. 

OKDERS OF INSECTS, 

The known number of insects is so enomious, their forma 
are so various, and their habits and instincta are not only so 
remarkable but have been so fully described, that it were 
hopeless to attempt here to do more than give the briefest 
possible outline of the leading characters which distinguish 
the different orders. The student desirous of further informa- 
tion on this head must have recourse to treatises specially de- 
voted to entomology. 

Section I. Ametabolic Ihskcts. — Young not passing 
through a metamorphosis, and differing from the adult in 
size only. Perfect insect {imago) destitute of wings; eyes 
simple, sometimes wanting, 

Oedee I, ANorLTTRA (Gr. anoplos, unarmed; owro, tail), 
— The fnsects comprised in this order are parasitic upon man 
and other animals, and they are commonly known as Lice. 
They are all very minute in size, destitute of wings in the 
adult state, having a mouth formed for suction, and having 
either two simple eyes or none. 

Order II. Maxlofhaga {Gr. maUos, a fleece ; phago, I 
eat). — These are known as " Bird-lice," and are all minute 
parasites on different birds. They are distinguished from the 
true lice by not living upon the juices of their host, but upon 
the more delicate and tender appendages of the fildn. The 
mouth is, consequently, not suctorial, but fitted for biting. 

Order m. Thtsanura (Gr. th^tsano^,iriaga ; oura, tail). 
— The most familiar members of this order are the " Spring- 
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tails" {I'odur^), which, arc commonly found under stonea or 
ia cellars and such like situations. They are distingnislicd by 
having the extremity of the abdomen furnished with bristles, 
by the sudden straightening of which the insect can effect pow- 
erful leaps. In many cases the body is covered with delicate 
scales which form beautiful objects under high powers of the 
microscope. 

Section II. Hemimbtabolic Insects. — JHetamorphosis 
incomplete y the larva differing from, the perfect insect chi^y 
in the absence of winga and in size ; pupa usually active, or, 
if quiescent, capable of movement. 

Okder IV. Hemiptera {Gr. hemi, half; pteron, wing). — 
In this order the mouth is formed for suction ; the eyes are 
compound, but simple eyes are often present in addition. Two 
pairs of wings are always present. 

The Semiptera live upon the juices of plants or animals, 
which they are enabled to obtain by means of their suctorial 
mouths. All the four wings are generally present, but the 
condition of these varies in different sections of the order. In 
one group all the four wings are membranous (Fig. 65) ; but 
in the other the posterior wings and the tips of the anterior 
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wings alone are membranous. The inner portions of the an- 
terior wings are hardened by chitine, and they are known as 
" bemelytra " (Gr. hemi, half ; and elutron, a sheath). Among 
the more familiar examples of the Semiptera are the numer- 
ous species of Plant-lioe (Aphides), the Field-bug {Penta- 
toma), the Boat-fly, the Cochineal insects, and the Cicadas, 

The Cochineal insects are of considerable commercial im- 
portance, as the dried and powdered bodies of the female con- 
stitute the substance known as Cochineal, from which is ob- 
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tained the brilliant pigment carmine, Tho male insect is 
winged, and is smaller than the female, which is wing-less. 
They live upon different species of Cactus { Oputitia,) and are 
mainly imported from Mexico, Algeria, and the Canary Islands. 
Numerous species of Aphid^ or Plant-lice (Fig. C5) are 
known, and they are among the greatest pests of the gar- 
dener and farmer, as they are extraordinarily prolific, and live 
upon the juices of plants. One of the m(st curious points 
about the Plant-lice is that they secrete a sweet and sticky 
fluid, which is expelled from the body by two little tubular 
filaments placed near the end of the 
abdomen. Ants are excessively fond 
of this fluid, and hunt after Aphides 
in all directions in order to ob- 
tain it ; and it ia a well-established 
fact that the Plant-lice are actually 
pleased with this, and voluntarily 
yield up the coveted fluid to the 
importunity of the ants, 

Okdek V, OETHorTEEA (Gr. or- 
thos, straight ; pteron, wing). — The 
mouti in this order ia strictly masti- 
catory ; there are four wings present 
in most, but the anterior pair is 
smaller than the posterior, and of a 
different texture. The posterior 
wings are membranous, and are fold- 
ed lengtliwise, like a fan ; the ante- 
rior wmgs are leathery, and consti- 
tute cases for the posterior wings 
(elytra). This order includes the 
Crickets (Achetina), Grasshoppers 
(Gri/llma), Locusts (Ziocuetina), 
Cockroaches (Blatttna, Fig. 66), 
and others. Some of them are j^q. 66.— Ortiwiitp™. 
formed for running, all the legs fu\m^^'^'&^ «"«""- 
being nearly equal in size ; others 

have the first pair of legs greatly developed, and constituting 
powerful organs of prehension; while others, such as the Lo- 
custs and Grasshoppers, have the hindmost pair of legs much 
longer than the others, giving them a considerable power of 
leaping. All the Orthoptera are extremely voracious, and 
every one is acquainted with the terrible ravages occasionally 
caused in hot countries by swarms of locusts. 
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The most destructive species ia tlie Migratory Locust 
(Aarydium migratorium. Fig, 67), which is verj abundant in 
Africa, India, and throughout the whole of the East, Owiiig 
to the rapidity with which they devour every thing they can 
possibly eat, and owing to their enormous numbers, the Lo- 
custs are compelled to be constantly on the move, looking for 
" fresh fields and pastures new." It is from these migrations 




itory LocuBl: {Acr^jdiuvt migratorium) 



in vast bodies in search of food that the Migratory Locust 
takes its name. When one of these destructive hosts visits 
a district, it only needs a few hours to convert the most fer- 
tile country into a howling wilderness. In an incredibly short 
space of time, every green thing on their hne of march is 
destroyed, every leaf is stripped from every tree, every blade 
of grass and com is eaten down, and it is not until the ground 
is utterly bare and brown that the locusts take wing and seek 
out some fresh region to devastate. 



. VL Neueopteka (Gr, neuron^ nerve ; pteron, 
wing). — The mouth in this order is fitted for mastication; the 
wings are four in number, generally nearly equal in size, all 
membranous, and traversed by numerous delltate nervures, 
which interlace so as to form a delicate net-work (Fig, 68). 
The metamorphosis is generally incomplete, but is sometimes 
complete. 

This order includes the well-known and rapacious Dragon- 
flies {Libellididm), the Caddis flies {Phryganeid(K), the May- 
flies {^hemerit^), the AnMion {Myrmeleo), the Aphis-lion 
(Fig. 68), Termites, etc. The last of these— namely, the Ter- 
mites or white ants — are social insects, living in organized 
communities, and exhibiting many remarkable phenomena. 
They are mostly inhabitants of hot countries, and cause im- 
mense mischief by destroying wood-work of all descriptions. 
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Though called " white ants," it is to be remembered that they 
are not related in any way to the true ants. Thep build 
mounds of different shapes and sizes, sometimes several feet 
iu height, formed of " particles 
of earth worked into a mate- 
rial as hard as stone." Eii-h 
family of Termites {Fig 69) ' 
possesses a king and queen, 
which are always kept together 
closely guarded in a chamber 
pla«ed in the centre of the 
neat. The king (Fig. G9, a) 
and the queen {b) both origi- 
niilly possessed wings, but they 
lose these as soon as they 
found a colony. Both are much 
larger than the bulk of the 
community, the queen im- 
mensely so, owing to the ris, (b.— Nenm 
enormous distention of her ab- bma),ii 

domenwith eggs The ordinary Ttrmites are all sterile fe- 
males, incapable of laying eggs, and thej are divided into two 
distinct sets or 'Vastes," both destitute of wings, and differ- 
ing in the armature of the heid The one caste includes the 




. Apliis-lioii (ffeni. 




so-called " workers," who perform all the' ordinary work of the 
colony, while the " soldiers " have greatly-developed jaws, and 
are simply occupied in defending the neat against all enemies. 
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Section III. Holomktabola,^ — Metamorphosis complete/ 
the lama, pupa, and imago, differing greaUy from one an- 
other in exte^vud abearance. The larva worm-like, and the 
pupa quiescent, 

Ordek VIL Aphanipteka (Gr. aphanoa, inconspicuous ; 
pteron, wing). — In this order are only the Fleas {Pidicidce), in 
which the mouth is suctorial, the metamorphosis is complete, 
and the wings are rudimentary, being represented by four 
minute scales placed on the last two segments of the thorax. 
The larva of uie common flea is a footless grub, which in 
about twelve days spins a cocoon for itself, and becomes a 
quiescent pupa, from whicli the imago emerges in attout a 
fortnight more. 

Order YTII. Dipteea (Gr. dia, twice ; pteron, wing). — 
The insects of this order, as implied by its name, have only a 
single pair of wings— namely, the anterior pair. The poste- 
rior wings are rudimentary, and are represented by two 




clubbed filaments called "balancers" or "poisers" (Fig. 70). 
The mouth in the Diptera is suctorial. 
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The Diptera constitute one of tlie largest orders of insects ; 
the House-flies and Flesh-flies (Musca), the Gnats ( Ctilex), the 
Crane-flies (Tipula), the Forest-flies (Ifij^pobosca), and the 
Gad-flies [Tubanidoe), constituting good examples. 

Order IX, Lepidoptera (Gr. lepis, scale; pteron, wing). 
— This well-koown and most beautiful of all the orders of in- 
sects comprises the Butterflies and Moths, the former being 
active by day {diurnal), and the latter mostly toward twilight 
{cr^useidar), or at night {noetumai). In all the Xfpidoptera 
the mouth of the adult insect is purely suctorial, and is pro- 
vided with a spiral trunk fitted for imbibing the juices of 
flowers. The wings are four in number, and are covered more 
or less completely with modified hairs or scales, which are 
pretty objects under the microscope, and from which the wings 
derive their beautiful colors. The larvre of the Lepidiyptera 
(Fig. 71) are generally kuown as caterpillars They are worm- 
like, provided with masticatorj organs fitted for dividing solid 




substances, jwssessing false legs in addition to the three pairs 
proper to the adult, and having attached to the under lip a 
tubular organ or spinneret, by which silken threads can be 
manufactured. 

The butterflies or diurnal I.epidoptera are characterized by 
being active during the daytime, by beeping their wings most- 
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ly erect when at rest {Fig. 71, c), by having club-shaped an- 
teanfe, and by having a chrysalis (b), which is almost always 
naked and angular, and is generally attached to some solid 
object by silken threads variously disposed. 

The Moths are mostly active during the night-time, when 
tliey are said to be nocturnal. Many of them, however, are 
" crepuscular " — that is to say, thej" are active during the hours 
o£ twilight ; and a few come out m broad daylight and in the 
brightest sunshine. The pupfe, or chrysalides, are never an- 
gular, as in the case of the butterflies. 

Apart from the destruction committed by the Caterpillars 
of some of the Lepidapt^a, the only members of the order 
which are of importance to man are the various species of 
Bomhyx, from which ss/i is derived. Several species are cul- 
tivated for this purpose, but by far'the most valuable is the 
common Silk-moth (JBombyx M&n), which owes its name to 
the fact that the larva feeds upon the leaves of the common 
Mulberry (Mbrus nigra). It is hardly necessary to say that 
raw silk is derived from the " cocoon," or silken case in which 
the caterpillar enwraps itself before becoming a chrj'salis. 
Most of the raw silk is derived from France, Italy, China, and 
the East Indies. 

Order X. Htmenoptera {Gr. /iitmen, membrane ; pteron, 
wing). — In this order all the four wings are present, as a rule, 
and they are all membranous in testure, with few nervures 
(Fig. 73). The mouth is always furnished with biting-^ws or 
mandibles, but often is adapted for suction as well. The fe- 
males have the extremity of the abdomen furnished with an 
instrument connected with the process of laying eggs (ovi- 
positor) ; and in very many cases this becomes the powerful 
defensive weapon known as the sting. The metamorphosis is 
complete. 

The Mumenoptera form a very extensive order, comprising 
the Bees (Apidm), the Wasps ( Yespid(^, the Ants {Forrni- 
cidee), the Saw-flies {TGnthredinidiB, Fig. 73), and the Ich- 
neumons. The Bees and Wasps are well known as forming 
social communities, though solitary members of both are not 
uncommon. In both groups these organized communities con- 
sist of a vast number of undeveloped females, or " neuters " — 
the so-called " workers " — presided over by a single fertile fe- 
male, or "queen," or containing several such. The males arc 
only produced at certain seasons, and they constitute the so- 
called " drones " of a hive of bees. The workers discharge all 
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the duties iici;essary for the preservation of the colony, such 
as procuring iood, building the nest, and feeding the young. 
As there is only one set, or " caste," of neuters, the duty c:f 




defending the nest falls to the lot of ail tlie workers, and ia 
not delegated to a special class of soldiers. The queen is tUe 
founder of the colony, and her Boie function, after starting the 
community, is to lay eggs. The drones, or males, do no work, 
us a rule, and they either die, or are killed by the workers, as 
soon as the female is fertilized. 

The Ants likewise form communities, consisting of males, 
females, and neuters. The males and females, like tliose of 
the very diiTerent " ^Vliite Ants," or Termites, are winged 
(Fig. 73, o), and are produced in great numbers at particular 
times of the year. They then quit the nest and pair, after 
which the fecundated females lose their wings and form fresh 
societies. The workers {Fig. 73, b) are sometimes all of one 
kind, but they are often divided into two, or even three, 
distinct classes or " castes." The Ants exhibit many most 
extraordinary and interesting instincts and habits, of which 
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their custom of " milkii]|T" tho little Plant-lice lias been al- 
ready mentioned. Another very singular habit of some Aii(s 
may be just alluded to — their habit, namely, of capturing the 
pupie of other species of Ants and bringing them up as slaves. 
The relations, however, between the masters and slaves vary 
a good deal in different cases. In llie case, for instance, of 
the Russet Ant {Formica ru/escens) the masters are so entire- 
ly dependent upon their slaves that they cannot even feed 
themselves, and tlie only work which they perform unassisted 
is the capturing of fresh slaves. In the Blood-red Ant {For- 
mica sanguinea), on the other hand, the slaves are much 
fewer in number, and tho masters are much less dependent 
upon their good offices. In all cases, the slaves exhibit the 
greatest devotion to their masters, and are invariably taken 
the greatest care of by their captors. 

Oedek XI. Steepsipteea (Gr, strepho, 1 twist ; pteron, 
wing). — This is an extremely small order of insects, which 
merely requires to be mentioned. It includes only certain 
minute parasites, which are found on bees and olJier Ily- 
menoptera. The females are destitute of wings or feet, and 
are merely soft, worm-like grubs. Tlie males are active, and 
possess a single pair of large membranous wings. Unlike the 
Dipt&-a, it is the posterior pair of wings which is present, and 
the anterior pair is quite rudimentary, and is only represented 
by curious twisted filaments, from which tlie name of the 
order is derived. 

Oedee XII. CoLJiOPTEKA (Gr. koleos, a sheath ; pteron, 
wing). — The twelfth and last order of insects is that of the 
Coleoptera, including the well-known insects familiar to every 
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one under the name of " beetles." The leading peculiarity of 
the Cokoptera is to be found in the fact, that though all the 
four wings are present, only the posterior pair are mem- 
branous, and perform the function of wings. The antenor pair 
of wings are no longer capable of being used in flight, but are 
hardened by the deposition of chitine, and constitute pro- 




tective cases, which cover the hind-wings, and are known as 
"elytra" (Gir. elutron,a, sheath). The moutb in all the beetles 
is masticatory, and is furnished with biting and chewing jaws. 

The larvie of the beetles are all worm-like grubs, with 
maisticatory moutJiB, and they all pass through a complete meta- 
morphosis, generally requiring a protracted period for its com- 
pletion. The known number of different kinds of beetles can- 
not be estimated with any certainty, but it is probably little 
short of 50,000 species, and this estimate has been doubled 
by some writers. They are, as a general rule, remarkable for 
their hard, chitinous skin, their glittering, often metallic, 
colors, and their voracious habits, Uiongh many of them feed 
upon vegetable matters. 

Of the enormous number of known Beetles, the only one 
which can be said to be of any decided use to man is the so- 
called " Blister-beetle," or " Spanish Fly " ( Cantharis vesica- 
toria). This handsome insect is a native of Southern Europe, 
especially of Italy, Spain, and France, and lives upon the 
leaves of the ash, lilac, elder, and poplar. It is largely col- 
lected and exported for medicinal purposes, as it yields one of 
the most generally used and efficient of blisters. 
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SUB-KINGDOM V.—MOLLUSCA. 

CHAPTER XIX. 

Sub-kingdom Mollusca. — The 3Iollu9ca (Lat. mollis, 
Boft), as itnplicil by their scientific name, are mostly soft- 
boilied animals, but their pdpular name of " shell-fisn " ex- 
presses the fact that their soft body is usually protected by 
an external skeleton or " shell." All the Molhisca are fur- 
nished with a distinct alimentwy canal, which is completely 
shut off from the general cavity of the body (Pig. 75, a). 
There is sometimes no distinct blood-circulatory apparatus ; but, 
when there is, its central portion (i, e., the heart) is placed upon 
the dorsal aspect of the body. The chief peculiarity, however. 




of the Mollu&ca is found in the nature of the nervous system. 
In the lower forms (Fig. 76, 3 <?), the nervous system consists 
essentially of a single ganglionic mass, giving off filaments in 
■ J directions. In the higher Mollusca (Fig. 75, «), the 
;a system consists of three scattered ganglia, united to 
e another by nervous cords. One of these ganglia is placed 
above the gullet or cesophagus, and is known as the " siipra- 
' " ir " cerebral " ganglion. A second sujipiies 
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nerves to the great locomotive organ of most MoUusks, the 
"foot," and is therefore called- the "pedal" ganglion. The 
third is known by the cumbrous name of the " pane to-splanch- 
nic " ganglion, because it supplies nervous filaments to the 
wails {parietes) of the body, and also to the internal organs 
(splanchna). In all the higher MoDusks it is this scattered 
condition of the nervous masses which distinguishes them so 
sharply from all other animals. Distinct respiratory organs 
may or may not be present, and they may be adapted for 
breathing air directly or through the medium of water. All 
the higher MoUusca are simple animals, and perpetuate their 
kind by means of the sexes, but many of the lower forma 
have the power of producing colonies by continuous gemma- 
tion, mucb as we have formerly seen in the Hydroid Zoo- 
phytes. 

The digestive system in all the MbU-usca consists of a 
mouth, gullet, stomach, intestine, and anus, with the excep- 
tion of a few forms in which the intestine ends blindly. In 
some the mouth is surrounded by ciliated tentacles {Polyzoa, 
Fig. 77) ; in others, it is furnished with two long ciliated arms 
{Brachiopoda) ; in the bivalves (JLamellihranchiatd), it is 
mostly furnished with four membranous processes or "palpi" 
(Fig, 80, p) ; in others, it is furnished with a complicated 
toothed organ or " odontophore " { Gasteropoda, Fig, 83, and 
Pteropodd) ; and lastly, the Cephalopoda, in addition to an 
odontophore, possess horny mandibles, forming a kind of beak, 
very like that of a parrot. 

The blood is colorless, or nearly so. In the lowest class of 
the MoUusca {JPolyzoa), the circulation is carried on by means 
of cilia, and there is no distinct heart, nor any definite course 
of the circulating fluid. In the Sea-squirts (Tunicata), there 
is a distinct heart, but the structure of this is very simple, 
consisting of a mere tube, open at both ends, so that the 
course of the circulation is periodically reversed. In the 
hijrher MoUusca, there is a distinct heart, consisting of two 
chambers, of which one (the auricle) receives the agrated 
blood from the gills, while the other (the ventricle) drives it 
through the bodv. 

Respiration is very variously effected among the MdUvsca. 
In the Polyzoa (Fig. 77) respiration is discharged mainly by 
the crown of ciliated tentacles surrounding the mouth. In the 
sea-squirts (Fig, 78), respiration is effected by a greatly -devel- 
oped pharynx, which is perforated by numerous ciliated aper- 
tures. In the lamp-shells and their allies (Jiracln'opoda), the 
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long, ciliated arms, which spring from the sides of tlie mouth, 
seem to be the main agents in respiration. In tlie bivalve- 
shell-fish, the cuttle-fishes, and most of the univalves, the 
breathing-organs are in the form of gills or branchije, adapted 
for breathing air dissolved in water. In the remainder of the 
univalves (e. g., snails and slugs), the breathing-organs are 
adapted for breathing air directly, and have the form of an 
air-chamber or pulmonary sac, produced by the folding of a 
portion of the mantle. The air is admitted to the chamber by 
a round opening, situated on the side of the neck, and capable 
of being closed at will. The lining membrane of the chamber 
is richly supplied with blood-vessels, and thus the necessary 
purification of the blood is carried out. 

In accordance with the scattered or rudimentary condition 
of the nervous system, the Mbllmea are not characterized by 
asuteness of senses, nor by any great power of locomotion. 
Organs of sight exist in some of the lower and many of the 
higher Molluaoa, attaining in the cuttle-fishes (Fig. 89) an ex- 
tremely high type of organization. The common bivalve shell- 
fish, such as the scallop, possess numerous simple eyes placed 
along the margins of the mantle, but, in many cases, even these 
are absent. Locomotion is very variously eifected, but seldom 
with much vigor or activity. The lowest classes of the Mol- 
luaca are, in the great majority of instances, fixed when adult. 
The common univalve shell-fish, such as whelks, snails, slugs, 
etc., creep about slowly by means of a flattened disk, devel- 
oped on the under surface of the body, and known as the 
"foot." Other Univalves and many Bivalves can effect short 
leaps by means of the foot, but many of the latter are perma- 
nently fixed to solid objects, or buried in the sand. The mi- 
nute MoUvsoa, known as the J^rqpoda {Fig. 88), swim freely 
at the surface of the ocean by means of two fins, formed by a 
modification of the foot, and attached to the sides of the head. 
The only Mollusks which enjoy really active powers of loco- 
motion are the predacious cuttle-fishes, which swim rapidly by 
means of fins, or by ejecting a jet of water from the cavity of 
the mantle, and which can also creep about by means of the 
"arms" placed around the mouth (Fig. 89). 

The last feature in the JHoUusea which requires to be men- 
tioned is the "shell." The shell is not invariably and univer- 
sally present in the Mblluaca, many being either destitute of 
a shell altogether, or having one so small that it would not com- 
monly be recognized as such. In these cases, as in the com- 
mon slugs, the animal is said to be " naked." In all the Jifol- 
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lusca which possess a shell, this is secreted by the integument, 
or by what is technically called the mantle, and, in all oases, 
it is composed of carbonate of lime. The methods in which 
the lime is arrangxid differ in different cases, but all living' 
sheUa have an out<;r covering of animal matter, which is 
known as liie " epidermis." fii a great many of the higher 
MoUusca, such as the whelka, periwinkles, snails, and others, 
the shell consists o£ only a single piece, when it is said to be " uni- 
valve." In many others, such as oysters, mussels, scallops, etc., 
the shell is composed of two pieces, and is then said to be 
" bivalve." In a few forms, the shell consists of several pieces, 
and it is then said to be " multi valve." The more important 
variations in the shells of the MoUusca will be noticed in 
speaking of the different classes of the sub-kingdom. 

In accordance with the nature of the nervous system, thtt 
Mollmca are divided into two great divisions, known respec- 
tively as the MoUwscoida and MoUiisca proper. In the Mbl- 
lusGoida, the nervous system consists of a single ganglion, or 
principal pair of ganglia, and there is either no circulatory 
organ or an imperfect heart. In this division are included the 
three classes of the Sea-mosses (Po^ysoaJ, the Searsquirts (Jht- 
nieata), and the Lamp-shells and theirallies (£rachiopoda). In 
the MoUusca proper^ the nervous system consists of three 
principal pairs of ganglia, and there is a well-developed heart, 
consisting of at least two chambers. Under this head come 
all the ordinary forms of shell-fish. 
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MOLLUSCOIDA. 

Class I. Polyzoa (Gr. polua, many ; eoijn, animal.) — 
The members of this dass arc the lowest of all MoUnsea, 
and they are generally known by the popular names of " Sea- 
mosses" and "Sea-mats." 'ITiey are invariably compound, 
forming associated growths or colonies, ea«h consisting of a 
number of distinct but similar zoCids, produced by gemmation 
from a single primordial individual. The colonies thus pro- 
duced are very generally protected by a horny or chitinous 
integument, and they are so like the Hydroid &Dophytes that 
they were long described as such. The only absolute distinc- 
tion between the two classes is to be found in the internal 
structure of the zoOids of each ; but they may be generally 
separated by the fact that the separate cells in a compound 
Hydroid are all united to one another by means of a common 
flesh or ccenosarc ; whereas in the Polyzoa the separate cells 
composing the colony are merely connected externally, but 
very rarely have any direct communication ■with each other. 
The separate beings or zoUids which collectively constitute tlie 
colony of any PolyzoQn are spoken of as "polypides " — Iho 
term polyptte being only used in connection with the Mydro- 
soa, and the term polype being similarly restricted to the 
Aclinozoa. 

Each polypide in a typical Polyzoiin has the following 
structure (Fig. 76, 2) ; The body of the animal is enclosed in a 
double-walled sac, of which the outer layer is ustiaHy chitinoua 
or calcareous, and constitutes a "cell" in which the zoOid is 
contained. This outer layer is known as the " ectocyst," to 
distinguish it from the ectoderm of the dxlenUrata. The 
cell, thus formed, is lined by a much more delicate membra- 
nous layer, which is known as tlie "endocyst." This membia- 
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nous sac, formed by tlie endooyst, is pierced by two openings. 
One of these is the moutli, and it is always surrounded by a 
(sircle or crescent of hollow ciliated processes or tentacles 
(Fig. 76, 3, a). These ciliated tentacles serve partly as respi- 
ratory organs, and partly to set up a current of water by 
which floating particles of food are brought to the moutb. 
The mouth and tentacular crown can be partially or com- 
pletely pulled into the sac by means of a muscle wliich is fixed 
to the gullet (3, ff). The mouth leads into a gullet, and that 




Fio. 1[6.— MoriiholoRj- of rolyam. I. Frajtraene of on« of the Sco-matii {Flw^i Inmeata), 
oiasaiBeatosliaw Ibo cvns. 3. Dlnsrsia of a naelc iioJjpiili! of a Folyzonn (slbir AHinan) : 
R Mouth Euirouiidtd by Iho uLllutrd tuotscLea; b MmcnUi? caiml; Aons; (f Nei'vouB 
caujr^oii; elnvealJugBucor "wtocj-st;" ff lii'produotlre ofj^oufl ; jyMusdu. &, Lird^s- 

again into a stomach, sometimes with a muscular gizzard be- 
tween. From the stomach proceeds an intestine of variable 
length, which terminates by a distinct anus at the upper part 
of the sac (2, c). On one side of the gullet, between it and 
the anus, is placed a single nervous ganglion((/). Distinct 
reproductive organs {ff) are also present, and the whole cav- 
ity of the sac is iilled with fluid. From the above description 
it will be evident that the typical polypide of a Polyzaiin 
differs from the polypite of a Hydrozoon in having a distinct 
iilimentary canal suspended freely in a body-cavity, and hav- 
ii!g both a mouth and vent, in having a distinct nervous sys- 
tem, and in having the reproductive organs contained within 
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the body. On the other hand, in the Sydrozoa, there is no 
alimentary canal distinct from the body-cavity, there is no 
nervona system, and the reproductive organs are in the form 
of external processes of the body-wall. 




Fig. JT.— I. Framnent otFhuitra tnaiaitit^ ono of tho Bca-mats, nati 
— ' -pidfl otValkeria, mflgoifial, sliowlnfr tlio u] — ■- — -'*— 

D.,vn,nBha|iwicrownofMntacliifl: i^TcntacuSar crumi, ui^miubi voMuiu^a^ ccijiiuaLuiu; 

The foregoing gives the essential structure of the polypide 
of anjf- Polyzoon, but in nature this simplicity is lost. In all 
cases in nature the primitive polypide possesses the power of 
producing fresh zoOida by a process of budding; and these 
zoeids remain attached to one another, so that ultimately there 
is produced a compound growth or colony. Further, in almost 
all the Pohjsoay the outer laj'er of the polypide is more or less 
hardened by the deposition in it of chitine or of carbonate of 
lime. The skeletons thus formed are the parts of the colony 
which are most familiarly knovra, and in the case of the com- 
mon Sea-mats (Fig. 77, 1) they are very well known to sea- 
side visitors, and are generally regarded as sea-weeds. Exam- 
ined in its dead state, such a skeleton only shows a number 
of little homy chambers or ccUs (Fig. 76, 1), each with a little 
aperture. When alive, however, each of these cells was ten- 
anted by a single zoiSid or polypide, capable of protruding its 
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ciliated head from the aperture, and of again retiring within 
it, if alarmed. The skeleton is, in some cases, furnished -with 
curious organs, which are known as " bird's-liead processes " 
(Fig, TG, 3), from their resemblance to the beak of a bird. 
The parts of this beak keep constantly snapping together, 
very much like the little pince!>like organs called " pedicella- 
riiB " in the sea-urchins and star-iishes ; but it is diificult to see 
what service they perform. They continue their movements 
long after the death of the polypides, and thb appears, in some 
cases, at any rate, to be due to a peculiar system of nerves 
known as the " colonial " nervous system. In addition, namely, 
to the single ganglion with which each polypide is furnished, it 
lias been shown that in many forms the zoOids composing- the 
colony are united together by a well-developed nervous system, 
and are thus brought into oi^anic connection with one another. 

The vast majority of the Folyzoa are fixed, and thus as- 
sume a very plant-like ai^arance. There is one fresh-water 
species, however {viz., UristatMd), in which the colony can 
creep about upon a flattened base very like the foot of a slug. 
In this same form, also, alone of all the Polyzoa, there is not 
any outer covering or eotocyst to the polypides. 

The Polyzoa are partly inhabitants of the sea and parily 
of fresh water, and they are thus divided into two groups 
which differ from one another very much in anatomical struc- 
ture. In most of the fresh-water Polyzoa the tentacles are 
borne upon a crescentic disk or stage (Fig. 11, 3), so that the 
orown of tentacles assumes the diape of a horseshoe. In 
almost aU the marine forms, on the other hand, the tentacles 
(Fig. 77, 3) are simply arranged in a circle. 

All the Polyzoa are hermaphrodite, each polypide being 
fiiniished with the reproductive organs proper to the two 
sexes. The eggs are simply liberated into the body-cavity, 
where they are fertilized ; but it is uncertain how the lertilized 
ovii escape into the external medium. Besides true sexual 
reproduction, and besides the power of producing colonies ly 
continuous budding, fresh individuals can be produced in many 
cases by a process of discontinuous gemmation. 

Class II, Tunicata (Lat. tunica, a cloak), — The mem- 
bers of this class are not uncommonly called Ascidian Mol- 
Imks (GrT. askos, a wine-skin) from the resemblance which 
many of them exhibit in shape to a two-necked leather bottle 
(Fig. 78, 2). They are popularly known as "Sea-squirts," 
from their power of forcibly ejecting water from the oriticcs 
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of the bottle. Their scientific name, again, of Thnicata, is 
derived from the fact that the body is enveloped in a leathery 
elastic integument, which consists of different layers, and whicn 
takes the place of a shell. The outer covering of the anicaal 
ia of a gristly or leathery consistence, and is known as the 
" test." It is remarkable for containing a considerable propor- 
tion of a substance apparently identical with ceUulose, ■which 
is one of the most characteristic of all vegetable products. 
The test is lined by a second coat, which is highly muscular, 
and confers upon the animal its power of contracting itself 
and squirting out water. Of the two necks which are placed 
at the anterior end of a simple Ascidian (Fig, 78), one is per- 




selilliD (OyvilLia papulosa'}. 



for;ited by the aperture of the mouth, while the other serves 
as an excretory aperture. These two apertures are known 
respectively as the "oral" and "atrial" apertures. 

The oral aperture (a) is usually furnished with a circle of 
small non-retractile tentacles, and opens into a great chamlier 
known by various names, but best as the "respiratory sac." 
Tliis sac occupies the greater part of the cavity of the body 
(Fig. 78, 1, c), and has its walls perforated by numerous aper- 
tures, the sides of which are ciliated. At the bottom of the 
respiratory sac is a second opening (the mouth of some 
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writers) wliich leads by a short gullet into a capacious stom- 
ach (d). From the stomach an iatestine is continued to tci- 
minate by a distinct anus, which does not communicate direct- 
ly with ibe esterior, but opens into a second great chamber, 
known as the " cloaca " or " atrium " (e). The cloaca, in turn, 
opens on the exterior by the second, or atrial aperture, in the 
test (b). These two great chambers — namely, the respiratory 
sac and the cloaca — occupy the greater part of the body-cavity, 
and, where their walls come into contact, a free communication 
is established between the two by means of the ciliated aper- 
tures already spoken of as perforating the respiratory sac. 
The cilia which fringe these apertures all work toward the 
cloaca, and thus a constant current of ivater is caused to set 
in by the oral aperture, through the respiratory sac, into the 
cloaca, and out again by the atrial aperture. In this way 
respiration is effected, the walls of the respiratory sac being 
almost made up of blood-vessels. A distinct heart is present 
in all the Tunicata, but it has a very simple structure (I, A), 
It consists of a simple tube, open at both ends, and not pro- 
vided with valves. In consequence of this, the circulation in 
the majority of Tunicaries is periodically reversed, the blood 
being driven for a certain number of contractions in one direc- 
tion, and then propelled for a like period in an opposite direc- 
tion; so that "the two ends of the heart are alternately 
arterial and venous," 

The nervous system in the Thnicata consists of a single 
ganglion placed on one side of the oral aperture. 

With one or two exceptions all the Tunioafa are hermaph- 
rodite, the organs of reproduction being situated in a fold 
of the intestine, and opening into the cloaca. The embryo is 
at first free, and in most swims about by means of a long tail, 
so that it presents considerable resemblance to the tadpole of 
a frog. 

The Tunicata are all marine, but differ a good deal from 
one another in form. In the so-called " simple " Ascidians the 
animal has the shape figured above, and is fixed to some solid 
object by one end of the test. In the " social " Ascidians tlie 
organism consists of a number of zooids, produced by con- 
tinuous buddinjr, and connected together by a common tube, 
through which the blood circulates. In the so-called " com- 
pound" Ascidians the tests are fused together into a com- 
mon gelatinous mass, in which the individuals are imbedded 
in groups. Some of the Tunioata arc oceanic — that is to 
say, are foimd floating, or swimming, at the surface of the 
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open ocean — and some exhibit tlie phenomenon of pLosplio- 



In the foregoing description it has been found impossible to conTcj oven 
the most elementary oulJine of the anatomj of u Tunicate irithout having 
recourse to technical terms. There Blill remain a few points of homolt^y 
which should be mentioned. In the foregoing, the so-called "oral aperture" 
of the animal has been regarded as traly the mmdh, this being the simplest 
view, and the one held \>y Prof, Hnsleyl Upon this -view the " respirator)- 
sac," into which the mouth opens, must be regarded 3B a greatly-developeil 
pharynx (i. e., the upper portion of the alimentary tube). Similarly, on tliis 
view, the hater aperture of the respiratory sac will have to be regarded as 
the opening of the gullet. By Prof. Allman, again, the respiratory sae is 
looked upon as formed by a great modification of oi^ans corresponding io 
the ciliated tentacles of the Fol^/nta, so that the lomer aperture of the respira- 
tory sac is the true mimth. Lastly, by FroE Rolleaton the respiratory sae is 
looked upon as corresponding to the giUs of the Bivalve shell-fish {Lamelli- 
branc/tiala), and the oral and atrial apertures are regarded aa corresponding 
to the " respiratory siphons" of these same animats. On this view, the 
lower aperture of the respiratory sac is again looked upon as the true inoiil/i. 
The question cannot be regarded as settled, and Huxley's view has been 
here adopted merely aa being the moat readily intelligible to learners. 

Class III. Bba-CHIOPODA. — The members of this class are 
little known to the g-eneml public, being all marine, often in- 
habiting considerable depths in the sea, and being much moro 
abundantly represented by fossil forms than by living ex- 
amples. They arc often placed Trith the ordinary Bivalve shell- 
fish (Lamdlwranehiata), in consequence of their universally 
possessing a shell composed of two pieces or valves (Fig. 79), 
but they are really of a much lower organization. In their 
essential structure they show many points of affinity to the 
Folyzoa, but they are always simple animals, never forming 
colonies, and they always have a bivalve shell. The two pieces 
of which the shell is composed are always placed one in iront 
and one behind, so that they are " ventral " and " dorsal," and 
not "rig-ht" and "left" as in the true Bivalves. The two 
valves of the shell are also always slightly, and sometimes 
greatly, different to one another in size, so that the shell is 
said to be " inequivalve." The ventral valve is usually the 
largest, and often possesses a prominent curved beak, which 
is generally perforated by an aperture through which there 
passes a muscular stalk by means of which the shell is at- 
tached to some solid object. In some cases, however, as in 
Xiingula (Fig. 79), the stalk of attachment simply passes be- 
tween the valves, and is not transmitted through a distinct 
aperture. In other cases the shell is simply attached by the 
substance of the ventral valve. 
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Ihc inner surface cf tie ■valv a f tl e 
sh [1 la 1 ned bj expansions of tl e integu 
t which aio cilled the mantle lobe* 

1 which secrete the shell Tlie digestue 
or_,ins and muscles occupy a snail <ipace ncir 
t.ie apex oi beak of the shell, which is 
partitioned off, by a membranous partition, 
perforated by the aperturp of the mouth. The 
remainder of the cavity of the shell is almost 
(illed by two long processes, derived from the 
sides of the mouth, fringed with lateral 
branches, and termed the "arms." These 
iirms are usually closely coiled up, and serve 
to obtain food for the animal. It is from these 
organs that the name of the class is derived 
(Gr. brachion, arm ; and podes, feet). The 
arms also serve as respiratory organs, and in 
many forms they are supported on an internal 
calcareous framework or skeleton, sometimes 
called the " carriage-spring apparatus." 

The mouth is placed between the bases 
of the arms, and is not fuqiished with any 
apparatus of teeth. It conducts by a gullet 
into a distinct stomach, surrounded by a well- ^ "muiuna,!.^^!^^ 
developed granular liver. The intestine may thomuaeniarataik 
or may not be furnished with a distinct anus, tfatoi^ea. ^ 
but in no case does it open into the body- 
cavity. Within the lobes of tlie mantle, there is a remarkable 
system of branched tubes, which commence by blind extremi- 
ties, and finally communicate with the mantle-cavity by means 
of certain organs, which were formerly believed to be hearts, 
and are now known as " pseudo-hearts." This system of tubes 
appears to be mainly, if not entirely, connected with repro- 
duction. A true heart, however, is present Jn most, if not in 
all, of the Brachiopoda. 

The nervous system consists of a single principal ganglion, 
connected in some cases with others so as to form a collar 
round the commencement of the gullet. In some cases, how- 
ever, the nervous system appears to be very rudimentary. 

The sexes appear to be sometimes distinct and sometimes 
united in the same individual. The embryo, in some cases, at 
any rate, is locomotive, movin^^ from place to place by means 
of the ciliated arms or by ventral spines. 
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TnE higher Mollttsca or MoUusca proper comprise tlioKC 
members of the sub-kingdom in whidi the nerooxis system 
consists of. three principal pairs of ganglia ; and thire is 
always a well-deoeloped heart, consisting of at least two 
chambers. 

In this division are included the following classes : 
1. JjamelliirancAiata) without a distinct head, 

s' ^^'"'^f^' I ■^'* " "^stinct head and a masticatory 
i Cep^opo'da, ( apparatus or « odontophore » 

CU.SS I. LaaiELLlBRASCniATA, — These are well knoivn as 
bivalve shell-fish, such as mussels, oysters, scallops, etc, and 
they are all either marine or inhabitants of fresh water. They 
are distinguished from the other Mollusks by having no dis- 
tinct head, and by having the body more or less completely 
protected by a bivalve-shell composed of two pieces. They 
are called X,amellibranohiata {Lat. lamella, a plate ; Gr. l>rag- 
ehia, gill), from the fact that the organs of respiration are in 
the form of leaf-like gills or branchiic, two of which are placed 
at each aide of the body, constituting what is known in the 
oyster as the " beard," The body of the Xamdlibratichiata 
is more or less completely enclosed in an expansion of the 
integument which constitutes the "mantle," and which is 
divided into two halves or " lobes," which are placed on the 
sides of the animal, and secrete the shell. The shell, there- 
fore, of the true bivalves is composed of two valves, which 
arc "right" and "left," and not "dorsal" and "ventral," as 
in the Sraahiopoda. Moreover, the valves of the shell are 
usually of the same size, so that the shell is " cquivalve," and, 
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lastly, the shell is more developed on one side than the other, 
so as to become "inequilateral " (Fig, 81, 2). The lobes of 
the mantle are sometimes 
quiLe free ; but, at other times, 
they are more or leas united 
to each other, and leave only 
two openings. Through one 
of these openings (the ante- 
rior) the " foot " is protruded 
(Fig. 80, /) ; and through 
the other pass the respiratory 
tubes or " siphons " (s). Tlic 
foot in the bivalves is a mus- 
cular organ developed upon 
the lower surface of the body, 
but not forming ft creeping 
flattened disk, as in the ordi- 
nary univalves. In many 
cases, it is quite rudimentary; 
and even when it is employed 
ill locomotion it is usually 
small. Most generally, it is 






itcd 



(Fig. 80, /), and 
enable the animal to make 
short leaps. In many cases, 
as in tiie common mussels, 
the foot is subsidiary to a 
special gland, which secretes 
a viscous fluid, which hardens 
rapidly on exposure to the 
air. This fluid is moulded 
by the foot into silky threads 
(the so-called " byssus "}, by 
means of which the shell is 
flrmly fixed to some solid 
object. Besides the muscular 
foot, other muscles are pres- 
ent as well in the I,ameHi- 
brancMata. Of these, the 
most important are the 
muscles which close the shell, 
and are called the " adduc- 
tor " muscles. In one group of tlie bivalves (Fig. 81, 3), there 
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i;i only one adductor musde, but ordinarily there are two (E'ig. 
81, 3). These muscles leave distinct scars or " muscular im- 
pressions" in the dead shell, so that it is easy to determine 
how many were present in any given shell. The margin of 
the manfie, too, is muscular, and leaves upon the shell a dis- 
tinct line where it was attached, this, being known as the 
" pallial line " (Latv pallium, a mantle), as shown in Pig. 81. 

As regards the shell of the bivalves, the following are the 
chief points to be noticed. Each valve of the shell (Fig. 81) 
is to bo regarded as essentially a hollow cone, the apex of 
which is turned more or less to one side. The apex of the 
valve is known as the "umbo" or "beak," and is turned tow- 
ard the mouth of the animal. Conseiiucntly, the side of the 
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shell toward which the beaks arc turned is known as the 
" anterior " side, and it is usually much shorter than the oppo- 
site or "posterior " side. The side of the shell at which the 
beaks are situated is known as the " dorsal " margin ; and here 
the valves are united to one another for a longer or shorter 
distance along a line which is known as the " hinge-line." 
The union between the valves is usually effected by means of 
interlocking parts or " teeth," and there is often a band of 
homy fibres passing betweeathe two valves juat behind the 
beaks. In many cases, there is also a series of homy fibres 
placed perpendicularly between the beaks, so as to be com- 
pressed when the shell is shut. By the elasticity of these, 
and of the external li^ment, when present, the valves of the 
shell are opened, without any effort of the animal, simply by 
relaxing the adductor muscles. The valves are shut again by 
the contraction of the adductor muscle or muscles. 
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As already said, the margin of the mantle leaves on the 
shell a distinct impression — the " pallia! line " — and, hy inspec- 
tion of this, important conclusions can be drawn in any given 
case as to the mode and life of the animal. In certain shells, 
namely, the paLial line (Fig. 81, 1) is unbroken or " entire," and 
in these the mantle-lobes were either quite free, or if attached 
to one another and drawn out into respiratory tubes, these 
were not furnished with special muscles by which the tubes 
could be retracted within the shell. In other bivalves, on the 
other hand (Fig. 81, 2), the pallial line is indented to a greater 
or less extent, showing that the mantle-lobes were more or 
less united to one another, and were drawn out into long 
respiratory tubes or siphons, which were furnished with spe- 
cial muscles by which they could be withdrawn within the shell. 
This difference expresses a real distinction among the bivalves, 
due to their mode of life. In all alike, the respiratory oi^uns 
are in the form of membranous leaf-like gJUs, of which Uiere 
are generally two on each side of the body. The gills are 
composed generally of tubular rods (Pig- 80, b) richly supplied 
with blood-vessels, and covered with vibrating cilia. For the 
proper maintenance of respiration, however, it is necessary 
that the gills should be constantly supplied with fresh water. 
In those bivalves in which the animal is free and the mantle- 
lobes not attached to one another, this is effected without any 
special mechanism. In those forms, however, in which the 
animal lives buried in the mud and sand, and the mantle-lobes 
are more or less completely united, there are two orifices, one 
of which admits fresh water, while the effete water is got rid 
of through the other. These orifice, in the shells just spoken 
of, are extended into two long tubes which are known as the 
"respiratory siphons." The water passes in by one siphon, 
is swept over the surface of the gills, and then reaches the 
mouth (Fig. 80, ss), when it is rettimed inHhe opposite 
direction to escape by the other siphon. The same current of 
water, therefore, both carries oxygen to the gills, and serves 
to convey food to the mouth. The two siphons may be quite 
distinct from one another, but they are very often united 
together so as to look like a single tube (Fig. 80). They are 
often very small, and then they leave no traces of their » 



and it is the scar left by these piuscles which causes the pallial 
line to be indented. This indentation, therefore, as seen in 
the dead shell, is an indication that the animal possessed long 
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retractile respiratory siphons, and lived, therefore, most prob- 
ably imbedded iu sand or mud. 

There is always a distinct heart, composed of two or three 
chambers, and in all cases acting as a mere arterial heart. 
That is to say, the heart propels the aSrated blood derived 
from the gills through the body, and has nothing to do with 
the propulsion of the non-aSrated or venous blood through the 
gills. I'here is never any distinct head in any of the Bivalves, 
and for this reason they are sometimes called the " headless " 
(acephalous) Mollueks. The mouth is simply placed at the 
anterior end of the body, and is never furnished with teeth, 
though usually provided with membranous processes or 
"polpi" (Fig. 80,^). The mouth opens into a gullet which 
conducts to a stoma^ih. The intestine is convoluted, and usu- 
ally perforates the ventricle of the heart, ultimately terminating 
in a distinct anus, which is always placed near the respiratory 
aperture. A large and well-developed liver is also present. 

The nervous system has its noimal form of three principal 
masses — the cerebral, the pedal, and the parieto-splaitchnic 
ganfrlia. 

The majority of the bivalve Mollushs have the sexes dis- 
tinct, but they are sometimes united in the same individual. 
The young are hatched before they leave the parent, and, 
when first liberated, are ciliated and free-swimming. 

The habits of the LameUihranchiata are very various. 
Some, such as the Scallops (Pec^eH), habitually lie on one 
side, tlie lower valve being the deepest, and the foot rudimen- 
t.ary,or wanting. Others are fixed to the bottom of the sea 
by the substance of one of the valves. Others, such as the 
common Mussel, are moored to some foreign object by a tuft 
of silky fibres, constituting a " byssus." Maiiy, such as the 
Gapers {Mya) and Ra^or-shells (&>fe«), spend their existence 
simk in the sand of the sea-shore or the mud of estuaries. 
Others, such as the Pkotades, bore holes in rock or wood, in 
which they live. Finally, many are permanently free and 
locomotive. 



land-snails, sea-snails, whelks, limpets, slugs, sea-lemons, etc., 
which agree in many fundamental characters, but nevertheless 
present many striking difierences. From the very common 
occurrence of a shell composed of a single piece, tlie Ganlcro- 
poda are often spoken of in a general way as the " univalve " 



ibyGoogle 



MOLLUSCA PKOFEB. 181 

Mollusks. In many, however, there is either no shell at all, or 
one so small that it would not generally be recognized as such ; 
and in a few the shell is composed of several pieces (" multi- 
valve ")■ Ii none, however, is the shell composed of two 
pieces or " bivalve." The great majority of the Gasteropoda 
are further distinguished by the great development of the 
foot, which constitutes a broad, flattened disk upon which they 
creep about, as may readily be observed in the common slu^s. 
Some, however, have the foot much modified and adapted tor 
swimming. In many cases, also, the foot carries behind a 
homy or shelly plate wliich is known as the " operculum " 
(Fig. 83, o), and which serves to close the shell when the 
animal is withdrawn within it. 




The head in most of the Gasteropoda, unlike the Bivalves, 
is very distinctly marked out, and carries two long feelers, and 
two ej'es, often placed upon stalks (Kg. 85)'. TIte mouth, 
also, differs from that of the Bivalves in being furnished with a 
singular apparatus of teeth, constituting what is known as 
the " odontopiiore " (Fig, 83), or "lingual ribbon." This con- 
sists essentially of a number of siliceous teeth, of different 
shapes in different species, supported upon a kind of strap wliidi 
can be made to work backward and forward over a cartila- 
ginous cushion, thus acting like a chain-saw. In addition to 
the odontophore there are sometimes homy jaws as well. The 
mouth leads by a gullet into a distinct stomach, which some- 
times is provided with calcareous plates for grinding down 
the food. The intestine is long, and always terminates in a 
dbtinct anal aperture. Distinct salivary glands are usually 
present, and the liver is well developed. 
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A distinct licart ia almost always present, and consists of 
two chambers, an auricle and a ventricle. Respiration is very 
variously effected — one great division being constructed to 
breathe air by means of water, while in another section the 
respiration is aSrial. In the former of these — often spoken of 
as the "branchiate" Gasteropods — respiration maybe carried 
on in three ways i Firstly, there may be no special breathing- 
organ, the blood being simply exposed to 
tlic aation of the water, as it circulates 
tlirough the tliin walls of the raantleKiavity, 
Secondly, the breathing-organs may be in 
tlie form of outward processes of the sltin, 
exposed to view on the back or sides of the 
animal (Fig. 86). Thirdly, the breathing- 
organs are in the form of plume-like gills, 
contained in a more or less complete cham- 
ber, formed by a folding of tte mantle. In 
many members of this group the water ob- 
tains access to the gill-chamber by means of 
Fib. 83.— Portioii of tha a tubular prolongation or folding of the 
S"i^D''SSSk."U5- mantie, forming a siphon (Fig. 63, s), and 
DiOed (aftor Wood- often the effete Water is expelled by another 
tube which is similarly constructed. In the 
second great section — often called the "pulmonate" Gaste- 
ropods — respiration is effected by a pulmonary chamber or lunj^, 
formed by a folding of a mantle, and having air admitted to 
it by a distinct aperture. 

The sexes in the Gasteropoda are mostly distinct, but they 
are sometimes united in the same individual. The young, 
when first hatched, are always provided with an embryonic 
shell, which may be entirely lost in the adult, or may simply 
become concealed by a fold of the mantle. In the water- 
breathing forms the young is protected by a small nautilus- 
shaped shell, within which it can entirely withdraw. It is en- 
abled to swim about freely by means of two ciliated lobes spring- 
ing from the sides of the head, and in this stage it is very 
like the permanent adult condition of the Pter<^o4a (Fig. 88). 
As regards the shell of the Gasteropoda, the following 
points may be noticed : The shell ia composed either of a 
single piece (univalve), or of a number of plates placed one 
behind the other (multivalve). 

The univalve shell is to be looked upon as essentially a 
hollow cone, the apes of which ia placed a little on one side. 
In the simplest forms, as in the Limpets, the conical shell is 
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retained throughout life without any alteration. In the great 
majority of cases, however, the cone is eonaiderably elongated 
so as to form a tube, which may retain this shape (as in the 
"tooth-siiell"), but which is usually coiled up into a spiral. 
The " spiral univalve " may, in fact, be regarded as the typical 
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form of the shell in the Gasteropoda (Fig. 84). The coils of 
the spiral are termed the "whorls," and are usually more or 
less amalgamated on one side. In most cases, too, the whorls 
are wound obliquely round a central axis or pillar, increasing 
gradually in size to the mouth. The last whorl is the largest, 
and is termed the " body-whorl," The moiith of the shell in 
many forms is unbrokenly round or " entire " (Fig. 84, a), and 
it is found that most of these shells subsist upon vegetable 
food, as, for instance, the common periwinkles. In others, 
again (Fig. 84, 5), the mouth of the shell is notched or is pro- 
duced into a canal, as in the common whelk, and it is found 
that these live upon animal food, or are " carnivorous." There 
may be more than one of these canals or tubes, but they do 
not necessarily indicate the nature of the food, as their func- 
tion is to protect the respiratory siphons. 

The Gasteropoda are divided into a good many groups, 
of which the more important may be briefly noticed, the fore- 
going appljang chiefly to the ordinary forms, which, therefore, 
need no furtier description. The remaining members of the 
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water- breathing Gasteropoda are divided into two sections, 
diifering a good deal from the typical forms of the class in 
many respects. 

As examples of the first of these may be taken the sea- 
slug's and sea-lemons [Nudibranchiata), specimens of which 
may at any time be found creeping about on sea-weeds, or at- 
tached to the under surface of stones at low water. These 
slug-like animals (Fig. 85) are wholly destitute of a shell when 
fully grown, but possess an em- 
bryonic shell when young. When 
there are any distinct respiratory 
organs, these are in the form of 
gills, placed, without any protec- 
tion, upon the back or sides of 
the body. The head is furnished 
with tentacles, which do not ap- 
pear to be used as organs of touch, 
ected with the sense of smell ; and 
behind the tentacles are generally two eyes. The nervous 
sjstem is extremely well developed, and would lead to the be- 
hef that the Soa-slugs are among the highest of the Gastero- 
poda. Locomotion is effected, as in the true Slugs, by creep- 
ing about on the flattened foot. 

The last remaining group of the " branchiate " Gasteropoda 
is that of the Heteropoda (Fig. 86), comprising a number of 
curious forms which are found swimming at the surface of the 





open sea, instead of creeping about at the bottom of the sea. 
In order to adapt them for this mode of life, the foot, instead 
of forming a creeping disk, is modified to form a compressed 
fin (/). The Heteropoda are to be regarded as the most 
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highly organized of all the Gasteropoda, at the same time that 
they are not the most typical members of the class. Some of 
them ean retire completely within their shells, but others Lave 
large bodies, and the shell is either small or entirely absent. 
In Carinaria, which may be taken as a good example of the 
group, there is a little Umpet-shaped shell protecting the 
gills (6) and heart. The animal swims, back downward, by 
means of a vertically-flattened ventral fin (/), on one side of 
which is a little sucking-disk (rf), by which the animal can ad- 
here at pleasure to floating sea-weed, Carinaria is found in the 
Mediterranean and other warm seas, and is so transparent that 
the course of the intestine can be seen along its whole length. 
The last group of the class is that of the " air-breathing " 
Gasteropods, so well known as Land-snails, Pond-snails, and 
Slugs (Fig. 87). All the members of this group are formed 
to breathe air directly, instead of through the medium of 
water, and they, therefore, never possess gills or branchiie. 




In place of these they have a pulmonary chamber or lung, 
formed by a folding of the mantle, and having air admitted to 
it by a round hole on the right side of the neck, which can be 
opened and closed at will. Though thus adapted for breath- 
i[!g air directly, many of the members of this group can only 
live in damp or moist places, while oihers habitually live in 
fresh water. The common Pond snails are examples ol these 
last. The condition of the shell varies much Some, fuoh as 
the common Land-snails, have a well de\eloped shell within 
which the animal can completely withdraw itself for protec- 
tion. Others, such as the common Slugs {Fig 87), have a 
rudimentary shell which is completely conce ded withm the 
mantle. Others are entirely destitute of a shell They all 
agree with the typical Gasteropoda m creeping about on a 
broad, flattened foot. 

Class IIL Pteeopoda {Gr. pteron, wing; podes, feet). — 

HcsledbyGoOgle 
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This class is a very small one, and includes a mirnber of minute 
oceanic Mollusks, which are found swimming near the sur- 
face in the open ocean, far from land, and often in enormous 
numbers. The organs of locomotion are two wing-like fins 
(Fig. 88) attached to the sides of the head, and formed by a 
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modification of a portion of the foot The body is usually pro- 
tected by a symmetrical glassy shell (Fig, 88), consisting of 
two plates united along their edges, or in other cases forming 
a spiral. In some, however, there is no shell, and the body is 
quite naked. The head is rudimentary, and bears the mouth, 
which is furnished with an odontophore. The heart consists 
of an auricle and ventricle, and the respiratory organs are 
extremely rudimentary. The seses are united in the same 
individual in all the Pteropocla. 

The Pteropoda occur, as already said, in the open ocean, 
and they are found in all seas from the tropics to within the 
arctic circle, sometimes in such numbers as to discolor the 
water for many miles. Minute as they are, they constitute in 
high latitudes one of the staple articles of diet of the whale, 
and they themselves in turn are probably carnivorous, feed- 
ing upon Email Crustaceans and other diminutive creatures. 
Though all the living forms are small, geology leads us to be- 
lieve that formerly there existed comparatively gigantic forms, 
which appear to be truly referable to this class. 
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Cn-Ass IV. Cephalopoda. — The lust nd h 1 est 1 ss of 
the Mollmca is that of the Cephaloi 7 ompr s bc the 
Cuttle-fishes, Calamarics, Squids, and tl e P ariy Nautdus 
They are all inhabitants of the se 
and are all carnivorous ; and they a 
isiderable powers 
At the bottom of 
1 walk about, head 
3 of the arms 
(Fig. 89), which surround the 
mouth, which are usually provided 
with numerous suckers, and which 
are really produced by a splitting 
up of the margin of the foot It i6 
from the presence of these arms 
that the class derives its name (Gi 
Jc^haie, he^d , a,f\Apodes, feet) Thi 
Cuttle-fishes can also swim ripid 
ly, either by meana of expansioni 
of the skin constituting fans, or hj f 
the forcible expulsion of water \ 
from the <.avit> of the mantle, the 
reaction of which causes the animal 
to move in the opposite direction. _^_^^ 

The majority of the living Cephalo- ^k. S9 '^epwia A 
pods are naked, possessing only an Ci c a ash mu. n oa 
internal skeleton, and this often a 

rudimentary one ; but the Arjjonaut (Pape Niut 1 ) and the 
Pearly Nautilus are protected by an ex e n 1 1 el though 
the nature of this is extremely different the t vo form 
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The body in the Cephalopoda is symmetrical, and is eii 
closed in an integument which may be regarded as a modifica^ 
tion of the mantle of the other Mollusca. Ordinarily there is 
a tolerably distinct division of the body into an anterior por- 
tion, carrying the head, and a posterior portion, in which 
the internal organs are enclosed. The bead (Fig, 89) is 
very distinct, bearing a pair of large globular eyes, and 
having the mouth in its centre. The mouth is surrounded 
by a circle of eight, ten, or more, long muscular processes, 
or anus, which are generally provided with rows of suckers. 
Each sucker consists of a cup-shapod cavity, the muscular 
fibres of which converge to the centre, where _therQ is a 
little muscular eminence. When the sucker is apphed to any 
surface, the contraction of the radiating muscular fibres de- 
presses the central eminence so as to produce a vacuum below 
it, and in this way each sucker acts most efficiently as an ad- 
hesive organ. The whole of this complex mechanism of suckera 
is completely under the control of the animal, and the ir- 
ritability of the suckers is retained even for days after death. 
In most of the Cuttle-fishes (Octopoda) there are only eight 
arms, and these are nearly similar to one another. In others, 
however (Fig. 89), there are ten processes round the mouth, 
of which eight are like each other, and constitute the true 
arms, while two — called tentacles — are much longer than the 
others, and bear suckers only toward their extremities, which 
are enlarged and club-shaped. The Paper Nautilus (Fig. 90) 
has two of the arms webbed at their extremities and secreting 
a shell ; and the Pearly Nautilus, alone of all living Cephalo- 
poda, has numerous arms, more than ten in number, and 
destitute of suckers. 

The mouth leads into a cavity containing two powerful 
horny or partially calcareous jaws working vertically, very 
hke the beak of a bird, together with an " odontophore " or 
"tongue," the hinder part of which is furnished with recurved 
spines. This cavity leads by a gullet, furnished with salivary 
glands, into a stomach, from wluch an intestine is continued 
to terminate by a distinct anus, which opens on the ventral 
surface at the base of the so-called "funnel." The funnel is a 
muscular tube placed on the under surface of the head, and 
communicating on the one hand with the external medium, 
and on the other with the carity of the mantle. In the Nom- 
tUu& alone it is simply formed of two muscular lobes, which 
are in apposition, but are not united together so as to form a 
tube. lu many cases there is also a special gland, known as 
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the "ink-bag," for the secretion of an inky fluid, which the 
animat discharges into the water, so as to enable it to escape 
when menaced or pursued. The duct of the int-bag opens at 
the base of the funnel near the anus, but the Pearly Nautilus 
and the allied fossil forms are without this means of defence, 
which the presence of an externa! shell renders unnecessary. 

The respiratory organs are in the form of plume-like gills, 
placed on the sides of the body in a branchial chamber, which 
opens in front on the under surface of the body. In almost 
all the living Cephalopoda there are only two gills, one on 
each side, and henee this section is known as that of the 
" JMbranchiata." In the Pearly Nautilus alone there are four 
gills, two tJb each side, hence the name of " TetrabrancMata" 
applied to the order of which this is the only living represent- 
ative. In the Cuttle-fishes, at the base of each gill is a special 
contractile cavity, called a " branchial heart," by which the 
venous blood, returned from the body, is driven through the 
gOIs. In addition to these branchial hearts there is a true 
arterial heart, by which the aerated blood received from the 
gills is driven tbrough the body. The admission of water to 
the branchiae is effected by the expansion of the mantle, which 
allows the entrance of the outer water into the mantle-cavity. 
The mantle then contracts, and the water is forcibly expelled 
through the funnel, which is often furnished with a valve, al- 
lowing the passage of water outward, but preventing its en- 
trance inward. By a repetition of this process both respira- 
tion and locomotion are simultaneously effected, for the jets 
of water expelled from the funnel by their reaction drive the 
animal in the opposite direction. In this case, therefore, as in 
many others, the more active the animal is, the more perfectly 
is the respiratory process carried on. 

The nervous system is formed upon essentially the same 
plan as in the other MoUusca, but the cerebral ganglia are 
protected by a cartilage, which is to be regarded as a rudimen- 
tary skull. This structure, therefore, is a decided approach to 
the Vertebrate type of organization. 

The sejres in jiU tlie Cephalopoda are in different individ- 
uals, and the reproductive process in the Cuttle-fishes is at- 
tended with some singular phenomena. The most remarkable 
point in this connection is the modification of one of the arms 
of the male Cuttle-fishes, for the purpose of conveying the 
male element to the female. The details of the modification 
vary in different species of Cuttle-fish. 

In some species one arm is simply so modified as to be 
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able to transmit the sperm-cells to the female, but it r. 
permanently attached to the animal. In the Paper Nautilus 
{Argonaut) the process goes still further. Tiie female of this 
species (Fig. 90) attains a considerable size, and b protected 
by an external shell The male is not more than an inch in 
tenn-th, is devoid of a shell, and has its third left arm meta- 
morphosed. This arm is developed in a cyst, and is ultimately 
detached from the body, and deposited by the male within 
the mantle-cavity of the female. When first discovered in this 
position, it was described as a worm living parasitically on 
the Argonaut, under the name of " Hectocotylus " (Grr. hekaton^ 
a huudxed ; and kottdos, a cup), from the suckers, or cups, with 
which it was furnished. Subsequently it was described as the 
entire male Argonaut; and it is only recently that it has been 
proved to be nothing more than one of the arms of the male, 
detached for the purpose of conveying the sperm-cells to the 
femTtle. 

The shell of the Cephalopoda is sometimes external, some- 
times internal. The internal skeleton is seen in the va-rious 
Cuttle-fishes, in whicli it is known as the "cuttle-bone" or 
" pen." It may be either homy or calcareous, and it is some- 
times complicated by the addition of a chambered portion. 
The only living Cephalopods which are provided with an ex- 
ternal shell are the Paper Nautilus {Argonaiitd) and the 
Pearly Nautilus {Nautihis pompilma) ; but not only is the 
structure of the animal different in each of these, but the 
nature of the shell itself is entirely different. The sliell of 
the Argonaut (Fig. 90) is coiled into a spiral, but it is not di- 
vided into chambers, and it ig secreted by the webbed extrem- 
ities of two of the dorsal arms of the female. These arms 
afe bent backward, so as to allow the animal to live in the 
shell ; but there is no organic connection between the shell and 
the body of the animal. The shell of the Pearly Nautilus, on 
the other hand, is secreted by the mantle, and is organically 
connected to the animal. It is coiled into a spiral (Fig. 91), 
but it differs from the shell of the Argonaut in being divided 
into a series of chambers by means of shelly partitions, whicb 
are connected together by a tube or " siphuncle," the animal 
itself living in the last and largest chamber only of the shell. 

The Cephalopoda are divided into two extremely dis- 
tinct and natural orders, termed respectively Dibranchiata and 
Teirabranchiata, according as they have two or four gills or 
branchise. 

The Dibranchiata comprise the Cuttle-Sshe?;-, Squids, Cula- 
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tnaries, and Paper Nautilus, and they are characterized by 
being almost invariably destitute of any external shell; by 
never having more than eight or tea arms, wiiicli are always 
furnished with suckers ; by having only two gills, which are 
provided with " branchial hearts;" by the possession o£ an 
" jnk-bag ; " and by the fact that the " funnel " forms a com- 
plete tube. They are divided into two sections — Octopoda 
and Decapoda — according as they have only eigbt arms, or 
eight arms witb two additional longer processes or " tentacles " 
(Fig. 89). Among the Octopoda are the Paper Nautilus and 
the Poulpes { Octopus). The Paper Nautilus is found in the 
warmer seas of various parts of the ^¥oHd, generally fi 
at tlie surface. The two sexes differ, as already said, g 
in external appearance. The female (Fig. 90) inhabits a b 




tifiil one-ehambered shell, which is secreted by the webbed ex- 
tremities of two of the dorsal arms. The shell is not in any 
way attached to the body of the animal, but the webbed arms 
are turned backward, and the animal sits in the shell with the 
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funnel turneJ toward tiie keel. It sivims by the jets of watc-r 
emitted from the funnel, and crawls upon the sea-bottom, hcitd 
downward, carrying its shell on its back. The male Argonaut 
is only about an inch in length, has no shell, and has all its 
arms alike, except the one which is metamorphosed into the 
" hectocotylua," The Poutpcs ( Octopi) are universaUy diE- 
tributed in the seas of both temperate and tropical regions. 
They are the "polypi" of Homer and Aristotle, and are vo- 
racious animals inhabiting rocky shores. 

The Decapoda are chiefly found in the open sea, often in 
enormous numbers, and the best known are the Calamaries 
and Squids. The body is elongated, and is always furnished 
with lateral fins, with which they swim actively. The shell is 
internal, and differs considerably in different members of the 
group. To this section of the Dihranehiata belong the sin- 
gular fossU forms which are known to the geologist as Beleni- 
nitcs. These singular forms are known almost solely by their 
complicated internal skeleton, and they appear to have abound- 
ed in the seas of the Secondary period. 

The second order of the (fephalopoda — that of the Tetra- 
branchiata — comprises forms characterized by being creeping 
animals, protected by an ^eternal, many-chambered shell, the 
partitions between the chambers being perforated for the pas- 
sage of a membranous or calcareous tube, termed the " si- 
phuncle." The arms are more than ten in number, and are 
devoid of suckers ; the gills are four in number, two on each 
side of the body; the funnel does not form a cori^plete tube; 
and there is no ink-bag. 

Though abundantly represented by many and varied fossil 
forms, the only living member of the Tetrahranchiata with 
which we are acquainted is the Pearly Nautilus, which Las 
long been known by its beautiful chambered shell. The shell 
of the Pearly Nautilus (Fig. 91) is coiled into a spiral, and is 
many-chambered, the chambers being walled off from one un- 
other by curved shelly partitions or septa, perforated centrally 
by a foramen which transmils a membranous tube or sipLuncle, 
The animal inhabits only the last and largest chamber of the 
shell, from which it can protrude its head at will. The func- 
tion of the chambers of the shell is not very clearly under- 
stood ; but it appears to be that of reducing the specific gru^- 
ity of the shell to near that of the surrounding water; since 
they appear to be filled with some gas apparently secreted, by 
the animal. The sipfauncle does not communicate in any way 
with the chambers of the shell, and its functions are also uo- 
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fishes. Tliey agreed with the Nautilus in having a many- 
chambered shell, divided by curved partitions, perforated by a 
tube or siphuncle. The shell, however, differed from that of 
the Nautilus in not being curved or coiled op, but in being 
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straight. In other nearly-allied forms tiie shell was bent or 
ev^en partially coiled up, but never so completely as in the 
true Nautilus. Many of the Orthocerata were of small size, 
but some of them were colossal, shells having been found of 
six or seven feet in length, and as thick as the body of a man. 
The Ammonites, with a number of allied forms of varied 
shapes and beautiful structure, appear to have taken the place 
of tjie ^autilidm, to a great extent, in the seas of the Second- 
ary period ; at which time, too, Dibranchiate Ccphalopods first 
made their appearance. The true Ammonites resembled the 
Na-utilus in having a many-chambered shell, which was coiled 
up into a spiral, but the position of the siphuncle was diffei^ 
ent, and the partitions or septa between the various chambers 
of the shell were wonderfully folded and lobed instead of 
being simply curved. The numerous beautiful shells allied to 
the Ammonites cannot be even mentioned here ; but it is to 
be remembered that they are almost all characteristic of the 
Secondary period in geology, and that they are hardly known 
as occurring in the older period (Palieozoic epoch). 
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CHAPTER XXIIL 

CHAEACTEES OP THE VERTKBEATA. 

The five sub-kingdoms which we have previously consid- 
ered, namely, the Protozoa, Ccdenterata, A.nmeloida, Annu- 
losa, and Mollusca, were grouped together by Lamarck into 
one great division, which he termed the Jnvertebrata. The 
remaining snb-kingdom, that of the Vertebrata, is so well 
marked and compact a division, and its distinctive characters 
are so numerous and so important, that this mode of viewing 
the animal kingdom is, at any rate, a very convenient one. 

The sub-kingdom Vertebrata includes the five great classes 
of the Fishes (.Hsces), Amphibians, Reptiles, Birds (Aves), 
and Mammals ; and the name of the sub-kingdom is derived 
from the very general, though not universal, presence of the 
bony axis known as the "vertebral column" or backbone. 
One of the most fundamental of the distinctive characters of 
Vertebrate animals is to be found in the fact that the main 
masses of the nervous system (that is to say, the brain and 
spinal cnrd) are completely shut off from tiie general cavity 
of the body. In all Invertebrate animals (Fig. 93, A), the 
body may be regarded as a single tube, enclosing all the vis- 
cera ; and, consequently, when a distinct nervous system and 
alimentary canal are present, these are in no way shut off 
from one another. The transverse section, however, of any 
Vertebrate animal (Fig, 93, B) shows (wo' tubes, one of which 
contains the great nervous axis (n') or brain and spina! cord, 
while the other contains the alimentary canal, the chief circu- 
latory organs, and certain portions of the nervous system («), 
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which are known to anatomists as the " sympathetic " system. 
Leaving the brain and spinal cord out of sight for a mo- 
ment, we see that the lower or visceral tube of a Vertebrate 
animal contains the digestive canal (J), the blood-vasoular sys- 
tem (c), and a system of nervous ganglia (n). Now, this is 
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ejcactly what is contained within the visceral cavity of any 
Invertebrate animal ; and it follows from this that it is the 
" sympathetic " system of Vertebrate animals which is truly 
comparable with the nervous system of the Invertebrata. The 
brain and spinal cord, or " cerebro-spinal axis," are to be looked 
upon as something not represented at all in the Invertebrata, 
Another peculiarity which is present in all the Vertebrata 
is, that at an early period of life liere is develope-d, in the low- 
er wall of the tube which contains the cerebro-spinal axis, a 
singular structure known as the " notochord " (Gr. notos, back ; 
chorde, string) (Fig. 93, B, ch). This is a semi-gelatinous rod, 
tapering at both ends, and extending along the floor of the 
cerebro-spinal tube. In some cases, the notochord remains 
permanently in this condition, but, in most cases, it is replacijd 
at maturity by the bony column or backbone, from which the 
Verfeltrata derive their name. The general structure of the 
vertebral column will be described shortly, and it is sufficient 
to state heie that it consists of a series of more or less com- 
pletelj^ bony segmente or " vertebrse," arranged so as to form 
a longitudinal axis upon which the spinal cord is supported. 
It is to be remembered, however, that all Vertebrate animals 
do not possess a vertebral column. They all possess a noto- 
chord, but this may remain persistent throughout life, and, in 
many cases, the development of the spinal column is very im- 
perfect. 



ibyGoogle 



GENERAL CHARACTERS OF THE VERTEURATA. 197 

The skeleton of all Vertebrate animals is internal, and the 
muscles are attached to its several parts. The value of this 
character is in no way affected by the fact that many Verte- 
brates, such as the Tortoises, Crocodiles, and others, possess 
an external skeleton as well. The limbs of Vertebrate ani- 
mals are always art.iculateil or jointed to the body, and they 
are always turned away from that side of the body (the " neu- 
ral " side) upon which the great masses of the nervous system 
are placed. The limbs may be altogether wanting, or partial- 
ly uadeveloped, but there are never more than two pairs, and 
they always have an internal skeleton for the attachment of 
the muscles of the limb. 

A distinct blood-vascular system is present in all Ver- 
tebrates, and in all except one — the Lancelet — there is a 
single contractile cavity or heart, furnished with valvular open- 
ings. 

Lastly, the masticatory organs of all Vertebrates are modi- 
fications of parts of the wdls of the head, and are never 
modified limbs or hard structures developed in the mucous 
membrane of the digestive tube, as they are in the Inverte- 
brates. 

The above are the leading characters which distinguish the 
Vertebrata as a whole, and, before going on to consider the 
diflferent classes, it may be as well to give a short and general 
sketch of the anatomy of the Vertebrates, commencing with 
their bony framework or skeleton. 

The skeleton of the Vertebrata may be regarded as con- 
sisting of the bones which go to form the trunk and head on 
the one hand, and of those which form the supports for the 
limbs on the other hand. The bones of the trunk and head 
may be regarded as essentially composed of a series of bony 
rings or segments, arranged longitudinally. Anteriorly, these 
segments are much expanded and also much modified to form 
the bony case which encloses the brain -and which is termed 
the eranium or skull. Behind the head, the segments enclose 
a much smaller cavity in which is contained the spinal cord, 
and they are arranged one behind the other, formmg the " ver- 
tebral column." The segments which form the vertebral 
column are called " vertebrae," and they have the following 
general structure : Each vertebra {Fig. 94, A) consists of a 
centra] poriaon known as the "body," or "centrum" (c), 
placed immediately below the spinal cord, and giving origin to 
certain " processes." The ends of the bodies of the vertebrte 
are all united together in (Tifferent ways, so as to give the col- 
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uran great flexibility. From the back of the body of tlie ver- 
tebra proceed two bony arches which unite behind and thus 
form with the centrum a bony canal in which the spinal cord 
is contained. For this reason, these arches («) are called the 
" neural " arches. From the point where the neural arches 
unite — that is to say, from the back of the neural canal — pro- 
ceeds a long process, sometimes cleft at its extremity, termed 
the "spinous process" (s). Springing also from each neural 
arch is a second shorter process (a) termed the " articular pro- 
cess," since by means of these, aa -well as by the bodies, tlie 
vertebra are jointed or " articulated " togetlier. Also arising 
from the neural arches at their junction with the body of the 
vertebra, there may be two lateral processes (d) which are 
called "transverse processes." This is the ordinary structure 
of the vertebra of a Mammal, and the names here used are 
those applied to the parts of the vertebra in human anatomy. 
In philosophical anatomy, however, these parts Lave proper 
technical names which can be employed for Uiem in all animals 
alike. The nature of this work, however, will not allow of 
the introduction of these here. 

In the typical vertebra the segment is completed by a 
second arch, which is placed in front of or bcncatJi the body 
of the vertebra, and which is known as the " hEcmal " arch, as 
it includes and protects the principal organs of the blood cir- 
culation (Fig, 94, B). This second at'ch is often only recog- 
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oizable with great difficulty, as its parts are generally much 
modified ; but a good example may be obtained in the human 
chest. Here, attached to the front of the Tertebrje, we find a 
series of bony arches, known as the ribs (r), followed by a 
series of eartilagiuous pieces of a similar shape, termed the 
" costal cartilages " (p), tlie whole united in front by a central 
bone, known as the breastbone or " sternum " (6), 




As a general rule, among the higher Vertehrates, the fol- 
lowing regions may be recognized in the vertebral column : 
Firstly, the cervical region (Fig. 95, c), comprising a variable 
number of vertebrae, which constitute the neck, and immedi- 
ately follow the head. Secondly, the cervical region is suc- 
ceeded by a variable number of vertebrfe which usually carry 
ribs, and are known as the dorsal vertebree id), or vertebne 
of the back. Thirdly, come certain vertebrsa which constitute 
tho lumbar region (o), or the region of the loins. Fourthly, 
there usually follows a series of vertebrte which are immova- 
bly united together to form a single bone, which is termed the 
J (s). Lastly, there comes a variable series of vertebne 
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which are usually free and movable upon one another, and 
which constitute the caudal region, or the region of the tail ((). 
The nature of the bones which enter into the composition 
of the limbs varies somewhat in different Vertebrates in ac- 
cordance with their mode of life ; but in al! the higher mem- 
bers of tie sub-kingdom the limbs are built upon a general 




and easilj-recognizable type. The fore-limb consists generally 
of the following parts : 1. A series of bonea uniting the limb 
to the trunk, flie two most important being the shoulder- 
blade (scapula) and the collarbone [clavicle) (Fig, 96, s and c). 
3. The bone which forms the upper portion of the limb proper, 
and which is known as the humerus (5). 3, Two bones which 
form the lower portion of the Umb (e. g., the forearm in man), 
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aod ■whicli are known as the radius and ulna (r and w), of 
which the former is the bone mainly concerned in carrying the 
hand or fore-foot. 4. A number of small bones, which form 
tbe wrist, and are termed the carpus (tf ). 5. The cylindrical 
bones (usually five in number) which form the root of tbe 
hand, and are known as the metacarpus (m), 6. Tbe bones 
which form the fingers proper, and which are known as tJie 
phalanges [p). 

Essentially the same parts can be traced in the hinci-linib 
of a typical Vertebrate animal, but they are known by differ- 
ent names. The bones which unite the limb to tlic trunk are 
usually more or less completely united together, constituting 
a single mass, known as the innominate bone (Fig. 97, i). 
This is followed by a long, cylindrical bone, which forms the 
upper portion of the hiad-iimb, and is Jinown as the " thigh- 
bone," or J'emur (j'"). Following this are the two bones of 
the shank, corresponding to the radius and ulna of the fore- 
limb, and known as the tibia and Jibula (( and s). Of these, 
tbe tibia (() corresponds to tbe radius, and is mainly con- 
cerned in carrying the foot. Next comes a series of small 
bones, which form the ankle, and are known as the tarsus {r). 
This is succeeded by a aeries of cylindrical bones (usually five in 
number), which form the root of the foot, and which are termed 
the metatarsus {m). Finally, the metatarsus is succeeded 
by the bones of the toes, which in this case are again termed 
Hhs phalanges {p). In both limbs the usual number of pha- 
langes to each toe or " digit " is three. 

The digestive system of the Yertebrata does not require a 
lengthened notice. The mouth is usually furnished with teeth, 
which have for their chief function the reduction of the food 
to a condition in which it can be digested. In some animals, 
however, such as the snakes, the teeth are only used to hold 
the prey, and not for mastication ; and in others, such as the 
turtles and birds, the jaws are not fijmiahed with any teeth 
at all. The food is also usually subjected in the mouth to the 
action of a special fluid — the saliva — which acts chemically as 
well as mechanically upon the food, and which is secreted by 
special glands, known as the " salivary glands." From the 
mouth the food passes through a muscular tube — the pullet, 
or (esophagus (Fig. 98, ff)— to the proper digestive cavity, or 
stomach (s). Here it is subjected to the action of a special 
digestive fluid — the "gastric juice" — and is converted into a 
thick, pasty fluid, which is called chyme. From the stomach 
the chyme passes into a long, convoluted, muscular tube, wliich 
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is called tlie "small intestine" (sm). Here it is subjected to 
the action of two other digestive fluids, called the " bile " and 
" pancreatic juice," as well as to the fluids secreted by the 
intestine itself. The bile is secreted by a large gland, which 
is known as the " liver," while the pancreatic juice is produced 
by another, termed the " pancreas," both pouring their secre- 
tion into the upper part of the small 
intestine. By the combined action 
of these digestive fluids the chyme 
is ultimately converted into a milkjr 
fluid, which is called chyle, when it 
is fit to be taken up into the blood- 
vessels. The small intestine finally 
opens into a tube of larger diameter, 
which is called the " large intestine " 
(Im), and this opens on the surface 
of the body by an anal aperture. In 
tlie large intestine the last remain- 
ing portions of the food which can 
be rendered useful are absorbed into 
the blood, the indigestible portions 
being ultimately got rid of as use- 
less. The fluid products of diges- 
tion (chyle) are chiefly absorbed 
from the intestinal canal by a set of 
special vessels, which are present in 
all Vertebrates, and which are called 
the lacCeals (Lat, lac, milk) from the 
milky fluid they contain. These 
lacteals combine to form a large 
L''^*(!Miet,*or^'m!oiiW t""""^! ^Y which their contents are 
iiomach: gin Small in- ultimately added to the circulating 
i'^S^'ta'fte blood. Part of the products of di- 
if twrtiun, caiiea the "reo- gestion are absorbed by the veins 
which ramify on the intestinal canal, 
and which ultimately unite to form a great vessel, called the 
" vena portfe," which goes to the liver. The materials, how- 
ever, which are taken up in this way also ultimately reach the 
circulating blood. In this way, therefore, fresh matter is 
being constantly added to the blood to replace the waste 
caused by the performance of the vital functions. 

The blood is thus formed out of the materials which are 
taken into the alimentary canal as food; and in all the Verte- 
brata (with one exception) it is of a red color, when viewed in 
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mass. This is due to the presonce in it of numerous micro- 
scopical particles, which are known as the " blood-coqiuscles," 
the fluid itself being colorless. In Fig. 99 are represented 




\$ 



Fig, e9.— Bl(H>il-«irpDSFles, oiagniOod. oMui; £i Goose; c CrocodUi] ; d Frug; i 



some of the forms of blood-corpuscles which arc found in dif- 
ferent divisions of the VertehrcUa, 

The blood is always distributed through the body by 
means of a system of closed tubes, which constitute the "blood- 
vessels," and, with the single exception of the Lancelet, it is 
always propelled by means of a contractile muscular cavity or 
" liesu^." The heart and other circulatory arrangements differ 
considerably in different classes of the Vertebrata, but these 
diBerences will be best considered at a later period. Mespiror 
Hon in all the Vertebrata is effected by means of distinct 
breathing-oigans, assisted in many cases by the skin. In the 
water-breathing Vertebrates, such as fishes, the respiratory 
organs are in the form of ffills or branchiffi, which are richly 
supplied with blood, and are exposed to the influence of water 
holding oxygen in solution. In the air-breathing Vertebrates, 
the breathing organs are in the form of lungs. These essen- 
.tially consist of cellular or spongy organs, placed in the cavity 
of the chest, richly furnished with blood-vessels, and receiving 
constant supplies lif fresh air by means of a tube which opens 
in the throat and is known as the " windpipe," or trachea. In 
the higher Vertebrates the heart becomes a double organ, one 
side being concerned wholly with driving the impure {venous) 
blood to the lungs, while the other side propels the pure oxy- 
genated {arterial) blood to all parts of the body. 

The waste substances of the body — of which the most im- 
portant are water, carbonic acid, and the peculiar substance 
called urea — are got rid of by the shin and lungs, but prin- 
cipally by two glands which are called the kidneys. The ex- 
cretion of urea from the body, as a general rule, is wholly 
effected by means of the kidneys alone ; and this is their most 
important function, as the retention o^this substance within 
the body rapidly causes death. The secretion of the kidneys 
is sometimes got rid of by means of special canals appropriated 
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to this alone; but in the lower Vertebrata it is discharged in- 
to the hinder extremity of -the alimentary canal, and is evacu- 
ated along with the undigested portions of the food. 

The nervous system variea greatJy in its development in 
the Yertebrala. In the little fish called the Lancelet, the main 
mass of the nervous system consists of a cord of nervous mat- 
ter, representing' the spinal marrow, but not havine in front 
any enlargement which represents the brain. In all the other 
Vertebrata the central masses of the nervous system (termed 
the cerebro-^pinal axis) consist of a nervous cord (the spinal 
cord) contained in the canal formed by the neural arches of 
the vertebrte, and of an anterior mass of nervous matter, which 
is protected by the skull, and is termed the encephalon or 
brain. The size and development, however, of the brain vary 
enormously in different Vertebrates ; and in the lower forms 
the brain is little more than an aggregation or collection of 
nervous masses or "ganglia," which are connected with the 
special senses, sight, hearing, taste, and smell, special organs 
for which are present in almost all the Vertebrata. 

Reproduction in the Vertebrata is always truly sexual, the 
sexes are always in different individuals, and in no case are 
compound organisms produced by a process of budding or fis- 
sion. Most are oviparous, producing eggs from which the 
young are developed. Some retain the eggs within the body 
tOl the young are ready to be hatched, and these are some- 
times said to be ovo-viviparous. The higher Vertebrates, 
however, bring forth their young alive, and are said to be 
viviparous (Latin, vivtee, living ; and pario, I bring forth). 

Peimaey Divisions of the Vektebeata. — The Verte- 
brata are variously divided into great primary sections by dif- 
ferent writers, and all of these divisions have more or less 
merit. Here, however, the classification proposed bj' Prof. 
Huxley will be followed, -and it is not necessary to enter into 
any consideration of the others. It has also been thought ad- 
visable to give in this place a brief account of the leading 
characters which separate these divisions from one another, 
though it is not to be expected that the learner will be able 
to appreciate the full value of these characters till he has com- 
pleted his study of the Vertebrata as a whole. 

Tlie Vertebrata are divided by Pro£ Huxley into the fol- 
lowing great divisions : 

I. IcilTHYOPSiDA (Gr. ichthus, a fish ; and opsis, appear- 
ance). — In tliis section are included the fishes (Class Pisces), 
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and the frogs, newts, and their allies (Class Amphibia). They 
are ail characterized by the fact that they possess gills or 
branchiffi, either throughout life or during the earlier stages 
of their existence ; that they possess nucleated red blood' 
corpuscles (i. e,, blood-corpuscles with a central particle or 
nucleus, Fig. 99, d, e), and by certain embryonic characters as 
welL From the temporary or permanent possession of gills, 
they are often spoken of as the Sranchiate Vertebrates. 

II. Sauropsida (Gr. aaura, a lizard; and opsta, appear- 
ance),— In this division are the birds (Class Aves), and the 
true reptiles {Class Meptilia). They are characterized by the 
(act that at no time of their life are they ever provided with 
gills; that the skull is jointed to the vertebral column by a 
single articulating siirfece (or condi/le) ; that the lower jaw is 
composed of several pieces, and is united to the skull by 
means of a special bone (called the os quadratum) ; that they 
possess nucleated red blood-corpuscles (Fig. 99, b, c), and by 
certain embryonic characters as well.* 

III. Mammalia (Lat. mamma, the breast).— In this di- 
vision are all the ordinary quadrupeds ; characterized by the 
constant absence of gills; by the skull being jointed to the 
vertebral column by two articulating surfaces (or condyles) ; 
by the fact that the lower jaw is composed of only two pieces, 
and is not united to the skull by means of a special bone (the 
quadrate bone) ; by having non-nucleated red blood-corpuscles 
(Fig. 99, a); and by having special glands — the mammary 
glands — which secrete a special fluid— the milk — by which 
the young are nourished for a longer or shorter period after 
birth. 

These three primary divisions comprise the five great 
classes into which the rertebrata are divided; 
1. Fishes (Fisces). 
3. Amphibia (Frogs, Newts, etc.). 

3. BeptUia (True Reptiles). 

4. Aves (Birds), 

5. Mammalia. 
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CHAPTER XXIV. 

CLASS I. PISCES. 

The fishes form the lowest class of the V&rtf^ata, and 
they may be broadly defined as being Vertebrate animals ^o 
vided with gills, wnereby they are enabled to breathe air dis- 
solved in water; the heart, when present, consists of a single 
awiele and ventricle (with the exception of the mud-fishes) ; 
and the limbs, when present, are in tJwfomi of fins, or expan- 
sions of the integument. 

In their external form, fishes are in most cases adapted for 
rapid locomotion in water, the shape of the body being such 
as to cause the least possible friction in swimming. To this 
end, as well as for purposes of defence, the body is generally 
enveloped in a species of chain-mail formed by overlapping 
scales, to which bony plates, tubercles, and spinea, are some- 
times added. Valuable characters can sometimes be drawn 
from the nature of the scales, and with a view to this the 
integumentary appendages of fishes have been divided By 
Agassiz as follows (Fig. 100) : 

1. Cycloid scales (a), consisting of thin, flexible, homy 
scales, which are circular or elliptical in shape, and have a 
smooth outline. These scales occur in most of our common 
fishes (e. g., the pike). 

2. Ctenoid scales (5). These resemble the cycloid scales 
in being thin, flexible, homy scales, but they are distinguished 
by having their hinder mar^ns cut into comb-like projections, 
or fringed with spines. The common perch supplies a good 
example of these scales. 

3. Placoid scales (c). These are detached bony grains. 
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tubercles, or plates, scattered through the skin, and sometimes 
armed with projecting spines. 

4. Ganoid ecaJes («,) composed of a layer of true hone, 
covered hy a layer of hard polished enamel. These scales are 
usually much thicker and larger than the ordinary scales ; they 
are often oblong or rhomboidal in shape ; they arc often con- 
nected together by little processes; 
and they generally are in contact by 
their edges, but rarely overlap one 
another. In most fishes there is 
also to be observed a line of peculiar 
scales, forming what ia called the 
" literal line " Each of the scales 
of th s 1 ne s perforated by a n n t 
tube vh ch lea la nto alongitud al 
c n 1 bel e ed to •Jeerete the m c s 
th vh ch the ge eral surfi t. 
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As rega ds the 

k 1 ton fishei d ft r 
fro one another but the si eleton 

E. so compl oated that o Ij a fe v of 
the n ost mportant po nts an be 
n ent nned 1 ere In one fi h— tl e 
Lan elet — there ca hirdly be sa d 
to le any true k leto tie -vertebral col mn be ng repre- 

ent d pern anently by the sen ^elat nous notocho d (Fig. 
10 ) In others such as tl e Lan ] rey Sturgeons an 1 Eays, 
the skeleton rema ns permanently n the condition of gristle 
(eartdage) ; in others it is partially cartdaginous and partially 
ossified ; and, lastly, in most modem fishea it is completely 
converted into bone. The vertefyyaX column in a bony fish 
consists of a number of vertebrse which are hollow or cup- 
shaped at both ends (biKx>ncave or " amphiccelous "), the cup- 
like margins being united together by hgaments. The cavities 
formed by the apposition of the vertebrfB are filled with the 
gelatinous remains of the notochord. Tfiis gelatinous clastic 
substance acts as a ball-and-socket joint between the yertebrfe, 
thus giving the whole spine the extreme fiexibility which is 
essential to animals living in a watery medium. The entire 
spinal column is divisible into no more than two distinct 
regions, an abdominal and a caudal. The ribs are attached 
to the transverse processes or to the bodies of the abdominal 
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vertebrae (Fig. 101, r) ; and tiiey do not enclose any thoracic 
cavity, or protect tbe organs wliich are usually contained in 
t)ie chest — namely, tlie heart and breathing-organs. The 
anterior or lower ends of the ribs of fishes are free, or are 
rarely united to hard productions of the integument; but there 
is Dover any breastbone or sternum properly so called. 




The only remaining bones of the trunk proper are the so- 
called " interspinous bones " {Fig. 101, * i). These are a series 
of pointed, dagger-like bones, imbedded in the middle line of 
the body, between, the great lateral muscles which form the 
greater part of the body of a fish. The inner ends or points 
of the interspinous bones are attached by ligament to the 
spinous processes of the vertebrte, and at their outer ends they 
support tlie framework (rays) of the so-called " median " fins. 
As a rule there is only one interspinous bone to each vertebra, 
but in the flat-fishes (Sole, Turbot, etc.) there are two. The 
limbs of fishes may be wholly wanting, or one pair may be ab- 
sent, but in no case is the number greater than the regular 
vertebrate type — namely, two pairs. When developed, how- 
ever, the limbs of fishes are very different from those of other 
Vertebrates, consisting of expansions of the integument, 
furnished with bony or gristly supports or rays, and thus con- 
stituting what are called "fins" (Fig, 102), The pair of limbs 
which correspond to the arms of man and to the fore-limbs of 
other Vertebrates are termed fhc pectoral fins, and they are 
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attached to a bony arch whicU is attached either to the back 
of the skull or to the spinal column (Fig. 101, p, and 103, p). 
The hind-limbs in fishes are known as the ventral fins (Figs, 
101, 102, v), and are not only often ■wanting altogether, but 
when present are less developed than the pectorals and less 
fixed in iheir position. They are united to an imperfect bony 




arcb, which represents the innominate bones, or pelvic arch, 
of the higher Vertebrates, but which is never joined to the 
spinal column. In some fishes the ventral fins are placed far 
back, and in these the bony arch which supports them is freely 
suspended in the muscles. In others the ventral fins are alto- 
gether out of position, and are pkieed beneath, or even in 
front of the pectoral fins ; ' and in these cases the pelvic arch 'is 
attached to part of the pectoral arch. The pectoral and ven- 
tral fins represent, as just said, the fore and hind limbs, and 
consequently there are always two of each, when they are 
present at all. They are, therefore, spoken of as the " paired " 
fins. Besides these, however, or in the absence of one or 
other of these, there is also a series of what are called "me- 
dian" fins; that is to say, fins which are placed in the middle 
line of the body, and wliich are -unpaireol, having no fellows. 
These median fins agree with the paired fins in being expan- 
sions of the integument, supported by bony or gristly supports 
or "rays," and they are carried by the heads of the "inter- 
spinous" bones, already described (Fig. 101, ii). They are 
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variable in number, and in sonn, rases there is oiil^ a sink,le 
Irini^e running round the hinder 
extn,mit> ofthelody Common 
ly howc^ci, the mediiii fins con 
si&t of one or two expansions of 
the dorsal integument, called the 
"dorsal" fins (Fig. 101, d<f); one 
or two on the ventral or lower 
surface near the vent, called the 
"anal" fins (a); and a broad fin 
at the extremity of the vertebral 
column, constituting the " caudal " 
fin or tail (c). 

The tail in all fishes is placed 
vertically — that is to say, it strikes 
the water laterally, or from side to 
side, and it is the chief organ of 
Fic. 103.— Tofrs of dfffewnt rishta. progression in the fish. Two very 
HS^^'StutstS^^n)!''"' * distinct types of tail are found 
among the fishes. In one of these, 
found in most living forms, the tail is composed of two nearly 
equal lobes which spring from tho end of the spine (Fig. 103, 
a). Tliis form of tail is said to be " homocercal." In the 
other type of tail, found in the dog-fishes, sharks, and other 
living fishes, as well as in many estmct forms, the tail is un- 
equally lobed, and is said to be "heterocercal" (Fig, 103, A). 
In these forms the vertebral column is prolonged into the 
upper lobe of the tail, and the greater portion of the tail is 
found below the spine. 

In both the paired and the median fins the integument is 
supported by a series of spiue-like bones, which are called 
"tays," These rays are sometimes simple undivided rays or 
spines, when tliey are called " spinous rays " (Fig. 101, d) ; but 
in other cases they are both divided by transverse joints, and 
split up into numerous longitudinal branrhee toward their ex- 
tremities, when they are spoken of as "soft rays" (Fig. 101, 
d'). The soft rays occur in many fishes in different fins, but 
they are invariably present in the caudal fin or tail. 

As regards the digestive system in fishes, the moulh is 
usually furnished with a complicated system of teeth, de- 
veloped not only upon the jaws, but upon any or every bone 
which enf«rs into the composition of tho oral cavity. The 
(^llct opens into a stomach, usually of large size, and its hin- 
der apertiu'e (the pylorus) is usuidlj' furnished with a vahc 
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Tmmedialely behind the pyloric opening of the stomach there 
is usually a variable number of blind tubes (called the " py- 
loric cseca") which open into the intestine, and which are be- 
lieved to represent the pancreas. In some fishes, however, 
there is a well-developed pancreas, and in others even these 
tubes are wanting. The intestinal canal is a longer or shorter, 
more or less convoluted tube, and its absorbing surface is 
sometimes largely increased by a spiral folding of the mucous 
membrane, which winds like a screw in close turns trom the 
pylorus to the anus. The liver is usually of large size, and 
saturated with oil, but in the Lancelet it is doubtfully rep- 
resented by a hollow, sac-like organ. The kidneys in fishes 
are of great comparative size, forming two elongated organs, 
situated beneath the spine, and extending along the whole 
length of the abdomen. 

Respiration in all fishes is aquatic, and is effected by means 
of gills or branchi(e, in all except the Lancelet, in which res- 
piration is effected by branchial filaments placed round the 
pharj-nx, and also by a greatly-developed pharynx perforated 
by ciliated apertures (Fig. 105). The arrangement and struct- 
ure of the gills in fishes vary a good deal in different orders, 
and the leading modifications will be noticed hereafter. In 
the mean while it will be sufficient to give a short description 
o£ the branchial apparatus in one of the bony fishes. In such 
a fish the gills consist of a single or double series of flat carti- 
laginous leaflets, covered by mucous membrane, richly supplied 
with blood, and arranged on bony or cartilaginous arches 
which are connected with the tongue-bone (h^oidhone) below 
and with the under surface of the head above. The branchial 
arches and branchije are suspended in cavities placed on the 
side of the neck, and in the ordinary bony fishes there is only 
one such cavity on each side. The water is taken in at the 
mouth by a process analogous to swallowing, and it gains ad- 
mission to the branchial chamber by means of a series of clefts 
or slits which perforate the sides of the pharynx. Having 
passed over the gills and lost its oxygen, the effete water 
makes its escape behind by an aperture called the "gill-slit," 
which is placed on the side of the neck. The opening of the 
gill-slit is closed in front by a chain of flat bones which con- 
stitute the " gill-cover," and by a membrane which is sup- 
ported upon a variable number of slender bony spines. This 
is the general mechanism of respiration in one of the bony 
fishes, but different arrangements are found in other cases, 
which will be subsequently noticed. 
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! heart in fishes may be regarded as essentially a 
branchial or respiratory heart, being concerned chiefly witli 



driving the 



and impure blood to the gills. It c 
sists in almost all cases of two 
cavities, an auricle and a ventricle 
(Fig. 104). The auricle {a) receives 
the venous blood which has passed 
through all the various parts of the 
body, and propels it into the ven- 
tricle («), From the ventricle pro- 
ceeds a single great vessel (the 
" branchial artery"), the base of 
which is usually developed into a 
muscular cavity, the "bulbus arto- 
riosiKi" (m), which acts as a kind of 
additional ventricle. By the ventri- 
cle and bulbus arteriosus the venous 
blood is driven to the gJI'i, where it 
IS subjected to the action of the wa- 
ter. The aerated blood is not re- 
turned to the heart, but is driven 
from the gills tlirough all parts ot 
tlie body, the propulsive force neces- 
sary for this being derived partly 
from the heart, and partly from the 
contractions of the muscles between 
which the blood-vessels pass. The 
Fio. 104.— rMBMin of Uie Oronio- essential peculiarity of the circulation 
tan ia"re|m9ont«a biMit; *Sfo oi fishes Consists in this, that the ar- 
veuouasyawmiBieftiigbt oAu- terialized blood returned from the 

rtdia, rcceivlpe tho Tenons blood .„ . n. t .1 i .1 

ftuni Uio bwQ'; o Ventrfcif; m gills 18 propeHeu through the gen- 

Bullua arteriosus; n BrandiLal 1 ^p„„„iH „f fU. Ij^^lv fsi'Qti.mii' 

Brtoiy.curryinBtho venous bLood "^^ VesseiS OI ine DOOy ^SySt«mlC 

ioUiegiiiaiM;aOreBtajstemio vessels) without beinff Sent back to 

vosBoL cmTying tbo pme blood ,1 1', tjt ^ t , ■ 

lo the tbsuBs. the heart. In the Lancelet, alone 

of all fishes, there is no single heart, 
and the circulation is effected by means of contractile dila- 
tations situated upon several of the vessels. In the Mud- 
fish {Lepidosiren) the heart consists of two auricles and a 
ventricle. In all cases the bloo<l is cold, or, in other words, 
has a temperature very little, or not at all, higher than that 
of the surrounding medium. The blood-corpus cles (Fig. 99, 
e) are always nucleated, and, except in the Lanoilet, are 
most of them red. 

While the respiration of all fishes is truly aquatic, most 
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are, nevertheless, Xumislietl witli an organ wliicli doubtless 
correspouds to (or is homologous with) tlic lungs of the higher 
Vertehrata. This is known as the " air " or " swim bladder," 
and ia a sac filled with gas and situated between the alimen- 
tary canal and the kidneys. In most cases, the sac contains 
only a single cavity, but, in many instances, it is variously- 
divided by partitions. In most fresh-water fishes, the gases in 
the swim-bladder are mainly composed of nitroffcn, but, in the 
sea fishes, it ia chiefly filled with oxygen. The sac of the 
swim-bladder is often closed, but, in other cases, it opens into 
the gullet by means of a duct which corresponds to the wind- 
pipe. In the great majority of fishes, the functions of tlie 
air-bladder are mainly hydrostatic, that is to say, it serves to 
maintain the necessary agreement between the specific gravity 
of the fish and that of tlie surrounding water. In the singu- 
lar Mud-fish (l/^idosiren), the air-bladder is composed of two 
distinct sacs, divided into a number of cellular compartments, 
and opening into the gullet by a tube. In this fish it acts as 
a respiratory organ, and is, therefore, not only in structure, but 
also m function, the representative of the lungs of the other 
Vertebrates. 

The nervous system of fishes is of an inferior type of or- 
ganization, the brain being of comparatively small size, and 
consisting mainly of a collection of ganglia. As regards the or- 
gans of the senses, two peculiarities deserve notice. In the first 
place, though fishes possess the essential parts of the organ 
of liearing, they possess no external ears, and in no case is 
there any direct communication between the ear and the outer 
world. In the second place, the organs of smell consist of a 
double cavity lined by a mucous membrane folded into numer- 
ous plaits, into which water is admitted, usually by two dis- 
tinct apertures or nostrils. Beliiud, however, the jiasal sacs 
are cloaetl, and they do not communicate by any aperture with 
the throat, as they do in all ttie higher Vertebrates. Tlie only 
exceptions to this rule are the Hf^iishes and their allies 
(Myxinoids) and the Mud-fish (Iiepidosiren). 

As regards their reproductive system, most fishes are truly 
oviparous, and the ovaries are familiarly known as the "roe." 
Some fishes are ovo-viviparous, retaining their eggs within tlie 
body till the young are hatched. The male organs of repro- 
duction are commonly spoken of as the " milt " or " soft roc," 
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CHAPTER XXV. 

ORDERS OP FISIIES 

The number of different kinds of fishes is 
nothing farther will be attempted than merely to give an out- 
line of the leading peculiarities which distinguish the different 
orders. The classification here adopted is 
by Prof. Huxley, who divides the class Fisc 
iug sis orders r 

1. PhaTyngobrancliii. 

2. Marsipobranchii. 



i. Ganoidei, 

5. Elasmobranchii, 

6. IHpnoi. 

Oeder I, PnAETNGOBEANCHn (Gr, pTiarugx, the upper part 
of tho gullet, and iragcMa, gills), — This order of fishes in- 
cludes only a single animal, the anomalous Atnphioants, or 
Lancelot, the organization of which differs in almost all its 
important points from that of all the other members of tho 
class. In fact, the Lancelet presents us with the lowest type 
of organization as yet known in the Vertf^ata. The Lance- 
lot is an extraordinary little fish, from one and a half to two 
inches long, which burrows in sand-banks in various seas, but 
is especially abundant in the Mediterranean, The body is 
lanceolate in shape, and is provided with a narrow membra- 
nous border, of the nature of a median fin, which runs along 
the whole of tho dorsal and a portion of the ventral surface, 
and expands at the tail to form a lancct^«haped caudal fin. 
There are no true "paired" fins, representing tho fore and 
hind limbs. The mouth is a longitudinal fissure, placed at the 
front of the bead, and completely destitute of jaws, but sur- 
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rounded by a number of cartilaginous filaments. The throat 
is provided 'with several leaf-like filanacnts, which are richly 
supplied with blood, and are beheved to discharge in part the 
function of giUs, The mouth (Fig. 105, m) opens into a 
dilated chamber, which is believed to represent the pharynx, 
and is termed the pharyngeal or " branchial " sac. The walls 
of this chamber (p) arc strengthened by numerous cartilagi- 




Montb widi cartllacl- 
.^ dUatatJona in y\ac6 



nous filaments, between which are a series of transverse slits 
or clefts, and the whole is covered with a richly-ciliated mu- 
cous membrane. The function of this sac is clearly respiratory, 
the water from without being admitted through the mouth, 
passing through the branchial clefts into the abdominal cavity, 
and finally escaping by means of an apertiire placed on the 
ventral surface a little in front of the anus. From the hinder 
end of the branchial sac proceeds the alimentary canal, which 
has appended to it a sac-iike organ, believed to represent the 
liver, and which terminates behind in a distinct anal aperture. 
Tliere is no heart, and the circulation is entirely effected by 
means of several contractile dilatations, developed upon the 
great blood-vessels {h). The blood itself is colorless. No 
kidneys have hitherto been discovered, and the reproductive 
elements are emitted into the abdominal cavity, from which 
they escape by the pore placed upon the lower surfaee. 

There is no skeleton properly so called. The notochord 
(ch) remains throughout life as a semi-gelatinous rod, enclosed 
in a membranous sheath, and supporting the spinal cord. 
There is no skull, and the spinal cord {n) does not expand in 
front to form a distinct brain. Tlie brain, however, may be 
said ill be represented, as the front portion of the nervous 
axis gives off nerves to a pair of eyes, and another branch to 
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Oedbk II. MAKSiPOBEANCKn (Gr. marsipos, a pouch ; bra^- 
chia, gills). — This order includes the Hag-fishes {Myxinidm) 
and the Lampreys {Petromyzonidie), and it is defined by the 
followiog characters : The body is cylindrical and worm-like, 
and is destitute of limbs. The skull is oartilaginous, there is 
no lower jaw, and the notochord remains through life, so that 
there is no vertebral column. The heart is composed of an 
auricle and a ventricle, but there is no buSius arteriosus. The 
gills are pouch-like, communicating' with the throat on the 
one hand, and opening externally on the other by means of 
apertures plaeed on the sides of the neck. 

The Hag-fish (Myxine) is an eel-like fish, which agrees 
with the Lampreys in having neither pectoral nor ventral fins, 
the representatives of the fore and hind limbs. The mouth is 
of a very remarkable character, and enables the Ha^fish to 
lead a verypeculiar esistence. It is generally found imbedded 
in the interior of some large fish, into which it has penetrated 
by means of a single serrated and recurved fang attached to 
the centre of the palate. The mouth itself is destitute of 
jaws, and forms a sucking disk or cup. Another remarkable 
peculiarity of the Hag-fishes is found in the structure of the 
nose. In all fishes, namely, except these and the Mud-fish 
{I>epid(mren\ the nasal chambers are closed behind, and do 
not communicate with the cavity of the mouth, as they do in 
the higher Vertebrates. In the Myxinoids, however, such a 
communication does exist. The nasal sacs are placed in com- 
munication with the throat (pharynx) by means of a canal 
which perforates the palate. A second canal leads frmn the 
nasal cavities in front to open by an external aperture (the 
nostril or "spiracle") on the top of the head behind the 
mouth. 

Another peculiarity, which is best considered in the Lam- 
preys, is to be found in the structure of the respiratory or- 
gans, from which the name of the order is derived. When 
viewed externally, instead of the single great " gill-slit," cov- 
ered by a "gill-cover," as seen in the ordinary bony-fishes, the 
side of the neck presents seven round holes placed far baclt 
in a line on each sida These holes are the external apertun s 
of the gills (Fig. 106, A), which in these fishes are in the 
form of sacs or pouches, the lining membrane of which is 
thrown into numerous folds or plaits, over which the branchiid 
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vessels ramify {Pig. 106, B). Internally the s 
cato with the cavity of the pharynx, by means of h c 
respiratory tube into which they all open. It follows from 
this arrangement that the gill-pouches on the two sides of the 
neck communicate freely with one another through the phar- 
ynx. The object of this arrangement is to obviate the ne- 
cessity for admitting the water to the gills through the mouth, 




t. blagram to illEiaCiTLEc tbc atructuro of the cUla in Um Lampreya, a 
I'liiirsax; h Tube iRtOiiig tVom tbc pharynx \a.lo ono of Oie ciu-aacs; o One of the gill- 

aau. (la reajjtj- the t^E^aaca do not open dir^Uy \a\a thr^ pluu-yiur, but iato a cominoa 
reephvtory tutie whi^h communiciLttia with th^ phoiyoK ; but this is otoitteil &r tiie 

as ordinary fishes do. These fishes are in the habit of fising 
thomaelpes to foreign objects by means of the suctorial mouth ; 
and, when in this position, it is, of course, impossible that 
they can obtain the necessary water of respiration through the 
mouth. As the gill-sacs, however, on the two sides of the 
neck communicate freely with one another through the phar- 
ynx, water can readily pass in and out. The gills are not 
provided with cilia, but the circulation of water ia assisted by 
a kind of elastic cartilaginous framework upon which the 
whole respiratory apparatus is supported, and which acts some- 
what like the ribs of the higher Vertebrates. 

The nasal cavities of the Lampreys, unlike those of the 
Myxinoids, are closed behind, and do not communicate with 
the throat. Some of the Lampreys are pennanently inhabit- 
ants of rivers, but the great sea-lamprey {Peteomyeon rnari- 
nus) only quits the salt water and betakes itself to fresh in 
order to deposit its eggs. 

Order IIL Teleostei (Gr. teleios, perfect; and osteon., 
bone).— The fishes comprised in this order, as implied in their 
name, have a well-oasified or bony skeleton, and they are com- 
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monly known as the " bony " fishes. In all the Teleostei, the 
skeleton is bony, the skull is composed of distinct bones, aiiJ 
there is a lower jaw. The vertebral column always consists 
of more or less completely ossified vertebrae ; and the two 
piiirs of limbs, when present, are in the form of fins, supported 
by rays. The gills are free, comb-like or tufted in shape, and 
always protected by a bony gill-cover. The buUms arteriosus 
is not capable of regular contractions, and is separated from 
the ventricle by only a single valve. 

The order Teleostei comprises almost all tbe most familiar 
fishes, and it will be unnecessary to dilate here upon their 
structure, as they were taken as the type of the class in de- 
scribing the fishes generally. It may be as well, however, to 
recapitulate some of the leading points in the anatomy of the 
bony fishes. 1. The skeleton is always more or less complete- 
ly ossified, and does not remain cartilaginous throughout life. 
The notochord is not permanent, and the vertebral column 
consists of a number of distinct vertebra. The vertebra}, 
however, are " amphicoslous," or hollow at both ends, so that 
there is left between each pair a doubly-conical cavity, which 
is filled with the cartilaginous or semi-gelatinous remains of 
the notochord. In this way an extraordinary amount of flexi- 
bility is given to the entire vertebral column. In no fish (ex- 
cept the Bony Pike, which belongs to another order) is the 
conversion of the bodies of the vertebrae into bone carried 
further than this. 

3. The integument usually develops scales, and these in 
the great majority of oases are of the forms known as " cy- 
cloid" and "ctenoid," the former being circular or elliptical 
homy plates, with plain margins ; while the latter have their 
hinder margins cut into comb-like projections, or fringed vniii 
spines (Fig. 100, a, I). 

3. The anterior and posterior Ihnbs are usually, but not 
always, present, and when developed they are always in the 
form of fins. These fins may be supported by " spinous rays " 
or " soft rays," or -by both. The spinous rays are simple un- 
divided bony spines which taper to a point. The soft rays 
arc doubly divided, splitting up toward their extremitnes into 
a number of secondary rays, and being also divided by trans- 
verse joints into numerous short pieces. 

4. Besides the " paired " fins which represent the limbs, 
there is also a series of unpaired or " median" fins, the rays 
of which are supported upon a series of dagger^shaped bones, 
deeply plunged in tbe flesh in the middle line of the body. 



ibyGoogle 



ORDERS OF FISHES. 310 

and known as the " interapinoue " bones (Fig. 101). Tlie me- 
(]i;m fins are variable in number, but when fully developed 
they consist of one or two fins on the back (the dorsal fins), 
one or two on the ventral surface {the anal fins), and one 
clothing the posterior extremity of the body (the oaudal fin, 
or tail, Fig. 103). In all the Thleostci, the caudal fin has the 
shape called " homocercal " — that is to say, it consists of two 
equal lobes — and the vertebral column ia not prolonged into 
the upper 'obe (Fig. 103, a). 

5. The heart consists of two cavities, an auricle and a ven- 
tricle, but the IndiKS arteriosus ia not rhythmically contractUe, 
and is separated from the ventricle by only a single pair of 

6. The respiratory organs are in the form of free, comb- 
like, or tufted gills, enclosed in two cavities placed on the 
sides of the neSt. Each of these branchial clmrabers opens 
externally by a single aperture, the "gill-slit," which is pro- 
tected by a chain of bones, forming the "gill-cover," and by 
a membrane supported by bony rays. Internally the branchial 
chambers communicate with the throat by a series of clefts or 
iissures, and the water required in respiration is taken in at 
the mouth by a process analogous to swallowing. 

7. The nasal sacs never communicate behind with the 
throat (pharynx). 

Tabulae View of the Main DinswNS of the Teleostei. 

ScB.OKBEn L MjiicoPTERi. — nsuiilly a complete Beries of fine, Bupported 
by rays, all of which are ao/l, or many-jointed (with the occawoaal eieeptjon 
of tho fiiBt mya in the dorsal and pectoral fins). A Bwim-bladder ia always 
present, and is always connected with the gullet by a duet. The skin m racely 
naked, and ia moaUy furnished wiUi cycloid scales, but sometJmea ganoid 



and Trout {Satmonidte), and Siieat-fishes {Siluridie). 

SuE-onDBB II. Anacanthibi. — Kns entirely supported by soil rays, and 
never by spinous rajs. Ventral fins dther wanting, or placed undec tlic 
throat, beneath or in advance of the pectorals. 

The two leading fiimilics in this sub-ordec are the Cod, Ling, and Haddock 
family (Cfadidte), and the Flitt-fiahes {I^mrojKcliilic), comprising the Sole, 
Turbot, Floander, and others. 

Stjb-Okdkr III. ACABTTiOPTERi. — Fins with oufi oc moro of the first rays in 
the form of uDdirided, iotlcsible, spinous rays. Scales mostly ctenoid. Swim- 
bladder without a duct. 

The leading famiUes in this order are the Wrasses (Cyc!o-lahrid<c\ the 
Perches {Pereme). the Mackerels {Scomberidi^), the Mullets {Mvplidaj, and 
tlio Gobies (Gobiida). 
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SuD-OEDEH IV, PLEOTOGKiTHi. — Certain of the bones of the mouth (the 
maxilliirj aad prte-raaiiUary bones) imniovablj cormecteil On eauh eido of 
the jaw. Integumentary skeleton in the form of ganoid plates, scales, or 

The chief fu.milie3 in this sub-order are the File-fishes (Balislidte), and the 
Trunk-fishfs {Ostracioiilid<e). 

SiTBOBDEB V. LoPHOBRiKCHii. — Gills arranged in Uttle tufts on the 
branchial arches. Integumentary skeleton in the fonn of ganoid scales. 

ITie two families contained in this division are the Sea-horses (Mipposam- 
pida), and the Fipe-fiahes {SgngJiatki^). 

Oedee IV. Ganoidei (Gr, ganos, splendor, or brightness). 
— The fourth order of fishes is that of the Ganoidei, including' 
few living forms, but having a great and varied development 
in past geological epochs. The Ganoid fishes are dis- 
tinguished by the imperfect development of the skeleton, 
which is mostly cartilaginous throughout life, and by having 
an integumentary skeleton composed of ganoid scales, plates, 
or spines (Fig. 100, d). The skull is composed of distinct 
bones, and there is always a lower jaw. There are usually 
two pairs of fins (pectoral and ventral), supported by many 
series of cartilages, and the ventral fins are placed very far 
back. The first rays in the fins are usually in the form of 
strong spines. The caudal fin or tail is mostly heterocercal 
or unsymmetrical {Fig, 103, b). The swim-bladder is always 
present, is often cellular, and is provided with an air-duct. 
The ^lls and gill-covers are essentially the same as in the 
bony fishes. The heart has one auricle and a ventricle ; and 
the &uS>us arteriosus is rhythmically contractile, is furnished 
with a distinct coat of muscular fibres, and is furnished with 
several transverse rows of valves. 

The b^t known of the living Ganoids are the Bony Pike 
(Lepidosleus), the Sturgeon {Sturio), and the I'ohjpterus. Of 
these, the Bony Pike is found in the rivers and lakes of North 
America, It is a large fish, attaining a lengUi of several feet, 
and it has the body entirely covered with an armor of ganoid 
scales arranged in obliquely transverse rows. The jaws form 
a long, narrow snout, armed with a double series of teeth, and 
the tail is heterocercal. The vertebral column is more perfect- 
ly ossified than in any other fisb, the bodies of the vertebrte 
being convex in front and concave behind ( " opiatkoeceliym "). 
The Folypterus (Fig. 107, A) inhabits the rivers Nile and 
Senegal, and is remarkable for the peculiar structure of the 
dorsal fin, which is broken up into a series of sm^ill, defached 
portions, each composed of a single spine in front, i\iiii a soft 
lin attached to it behind. Some of the species of I'olyptir.-vs 
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are stated to possess external gills when young, wliicU they 
lose when grown up, thus making an approach to the Anv- 
phibia. Many of the fossil Ganoids are more or less closely- 
allied to the living Lepidostem and Polypterits. 

Another great group of the Ganoid fishes is represented by 
the Sturgeons (Sturionidm), in which the skeleton is always 
very imperfectly ossified, and the bead, with more or less of 
the bAdy, is protected by large ganoid plates, which are often 
united together at their edges by sutures. The true Stuigeons 
are chiefly found in the North Sea, the Caspian, and the Black 
Sea, and they are captured when ascending the great rivers 
for the purpose of spawning. The swim-bladder of the Stur- 
geons is one of the chief sources from which isinfflass is pre- 
pared, and the roe is sold as a delicacy under the name of 
camarc The place of the Sturgeons in North America is 
taken by the Paddle-fishes {Spatviaria). 

The group of Ganoids represented at the present day by 
the Stnigijons and Paddle-fishes was formerly represented by 
numerous remarkable fishes, which are most abundant in the 
system of rocks known to geologists as the " Old Eed Sand- 
stone," The graphic descriptions of Hugh Miller have placed 
many of these fishes before us as living pictures, but space 
will not allow of any further notice of them here. One, how- 
over, of the more striking forms is figured hereafter (Kg. 108). 

Oedee V. Elasmobeanchii (Gr. elasma,ii thin plate; and 
liragchia, gills). — This order includes the Sharks and Kays, 
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tnd is distinguished by the foUmiintj thj,rj<l(rs The skull 
md lower jaw are well developed, LuL the akull is not com- 



"^■' 




Vin, ids— Crplialaip sLt/eHh fri m the Old Ted •^indaton of 1, ttad, 

posed of distinct bones, and simply forms a kind of cartila- 
ginous box. The vertebral ooluniD is sometimes ctrtilaginoiis, 
sometimes composed of distinct \ertebrie The integument- 
ary skeleton is in tht, form of placoid scales (Fig 100, c)- 




i^, 109,— ElMmobrancbii, A. Wliita Sh^k (Caraharias). B. King of tlio lie 
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that is to say, of detached grains, tubercles, or plates. There 
are two pairs of fins, correspondiDg' to the fore and hind limbs, 
and the ventral fins are placed far back, close to the anus. 
The heart consists of an auricle and ventricle ; and the bulbua 
arteriosus is rhythmically contractile, is provided with a dis- 
tinct coat of muscular fibres, and is furnished with several 
transvei'ie rows of valves. The gills are fixed, and form a 
ijQinber if pouches, which open internally into the pharynx, 
iiiid communicate with the outer world by a scries of aper- 
tures pliced on the side of the neck (Fig. 109). The intestine 
is very short, but, to compensate for this, the mucous mem- 
brane 18 thiown mto a fold, which winds round the intestine 
in close turns from the pyloric orifice of the stomach to the 
anus, and which thus greatly increases its absorbing surface. 

The best-known members of this order are the Sharks and 
Itays, but numerous extinct forms testify to its great abun- 
dance in past geological epochs. 

Tabulad View or the Divibions of ms ELASuoBr.ANCHii. 

Sob-order I. Holocephali. — The mouth placed at the end of tbo hoaJ, 
aud the external opening of the gills in thu form of a single gill-alit. 

The best-known member of thia sub-order is the Chimisra mongtrosa, 
souiutimes called the "King of the Herrings." 

Son-OROER II- PtAQioaioui- — Month transverse, placed on the nnder Enr- 
I'.icc of tfic head ; cst«rual opening of the gills in the form of scvcnil sUts on 
e leh eiila of the neck, not protected bj a giU-cover. 

J^am. a, Ceairaphori. — Ex. Por^Jackson Shark. 

Pam. b. Sdachii. — Ex. Sharks and Dog-fisbea. 

Fam. c. Batides. — Ik. Bays. 

Obdee VL Dipnoi (Gr. M, double; pno%, breath). — This 
order is a very small one, and includes only the very singular 
Mud-fishes {Z,epidosiren),* which are of great interest from 
the many points of affinity which they exhibit to the At/ir 
phibia. The body of the Mud-fish (Fig. 110) is completely 
fish-like, and is protected by a covering of small, horny, ovei^ 
hipping scales, which have the cycloid characters. There are 
two pairs of limbs, but these are in the form of awl-shaped 
organs, each supported by a single jointed cartilaginous rod. 
The pectoral limbs have a membr.inous fringe inferiorly, and 
the venlrais are placed very far back. There is also a median 

• Roccntl; a elngulir Sah has been dLscoTeral Lu tbo rivers of QueeDsland <A.ustra1k\ 
which wtL prob&Wy liBve to bo referred to tha order Dipnoi; but our tnowiuilge aiwut it ia 
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fin. behind, forming' a continuous fring-e rnund the compressed 
tail, and supported by cartilaginous rays. 




Fio.llO.— lepMorfrmnnneefens, UicMiid-fiBh. p Pcetoranimbs ; v Ventral limbs. 

The skull is com]K>sed of distinct bones, and lljcre is a 
lower jaw, but tlie notoohord ts persistent, and there are no 
bodies of vertebne developed. The respiratory organs are 
twofold, consisting, firstly, of free filamentous branchiEe or 
gills, contained in a branchial chamber, which opens externally 
by a single vertical giD-slit ; and, secondly, of true lungs, in 
the form of a double cellular air-bladder communicating with 
the gullet by means of an air-duct or windpipe. Sometimes, 
if not always, there are rudimentary external gills as well, 
placed on the side of the. neck. The heart consists of a ven- 
tricle, and of two auricles, divided from one another by an 
incomplete partition. Lastly, the nasal sacs open behind into 
the throat, and do not form closed chambers opening- only by 
the nostrils, as they do in all other fishes, except the Myxi- 
noids. Tlie two best-known species are the Jjepidosiren 
paradoxa from the Amazons, and the L. annsctens from the 
Gambia. They both inhabit marshy tracts, and both appear 
to be able in the dry season to bury themselves in the mud, 
and to form a kind of chamber, in which they remain dormant 
till the rains of the wet season set them free- 
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This class of Vertebrata comprises the Frogs and Toads, 
the Newts and Land-salamanders, the Ccecilim^ and some ex- 
tinct forms, and it may be briefly defined as follows : In all 
cases gills or branchijB adapted for aquatic respiration are pres- 
ent during a part or the whole of life ; but, in all cases, true 
lungs adapted for breathing air are ultimately developed, even 
when the gills are retained through life. All pass through 
some sort of a metamorphosis after being set free from the 
egg. The limbs may be absent or there may be only one 
pair, but in no case arc they ever converted into fins. When 
median fins are present, as is sometimes the case, these are 
never furnished with fin-rays or interspinous bones, as in the 
fishes. The skull always articulates with, or is jointed to, the 
spinal column by two articular suriaces or condyles. The 
heart consists of two auricles and a single ventricle. The na- 
sal sacs always opien behind into the mouth ; and there is a 
common cavity or " cloaca " which receives not only the tei - 
mination of the intestine (rectum), but also tlie ducts of the 
kidneys and of the reproductive organs. 

The great and distinguishing character of the Amphibia 
(Gt. amphi, both ; btos, life) is, that they invariably undergo 
some kind of metemorphosis after birth, though, in some rare 
cases, the eggs are retained so long within the body of the 
parent that there is little or no obvious change. In the great 
majority of cases, however, the Amphibians commence life as 
water-breathing larva;, provided with gills ; but, in their adult 
state, they possess true air-breathing lungs, the gills sometimes 
disappearing when the lungs are developed, but being some- 
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times retained througliout life. Most Amphibians, tlierefore, 
are to a greater or less extent am,phiM<ms, that is to say, 
more or less capable of living indifferently either on land or 
in the water. In the majority of cases, the gills are external, 
placed on the sides of the nedr, and not contained in a special 
cavity, thus differing altogether from the gills of fishes. In 
the Frogs and Toads, and in some others, there are two sets 
of gills, one external and the otfier internal, of which the for- 
mer is soonest lost. The lungs of the Amphibians never attain 
a very high state of development, and, in those forma in which 
the gills are retained throughout life, the chief business of 
respiration appears to be carried on by the. gills. In accord- 
ance with the changes in the respiratory process, correspond- 
ing alterations take place in the blood-vessels. With the 
development of the lungs, the vessels which carry blood to 
them (the pulmonary arteries) increase in size, while the 
branchial vessels which carry the blood to the gills undergo a 
proportionate diminution. At first, the condition of the circu- 
l.ation is very much the same as it is in fishes, but ultimately 
it becomes nearly the same as in the true reptiles. 

The Amphibia are divided into three living and one ex- 
tinct order, as follow : 

1. Ophiomorpha. 

2. Urodela. 

3. Anoura. 

4. Laiyrinthodontia. 

Okdek T, Ophiomokpha (Gr. ophis, a serpent ; and morphe, 
form). — This order is an extremely small one, and, as its name 
implies, it comprises certain snake-like Amphibians. The order 
includes only tiie curious animals known as CceciUw, which are 
found in Java, Ceylon, South America, and Guinea. The body is 
entirely destitute of limbs, and is enclosed in an integument 
which is thrown into numerous transverse wrinkles, and some- 
times has numerous homy scales imbedded in it. The eyes are 
concealed by the skin, and are rudimentary. There is no tail, 
and the anal aperture is placed almost at the extreme end of 
the body. When adult, respiration is carried on by means of 
lungs, but gills are present in the young,and there can, there- 
fore, be no doubt as to their being genuine Amphibians, 

The OeBdlim are found burrowing in marshy ground, and 
thoy are not unlike large earth-worms in appearance, but they 
sometimes attain a length of several feet. 
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Oedhb ir. Urodela or IcriTHTOMoRPHA (Grr, ichthus, a 
fish, and morphe, shape). — In this order are a number of fish- 
like Amphibians, of which the Newts and Land-salamanders 
are the most familiar examples. In all the members of this 
section, the skin is naked, and never develops any hard struct- 
ures, and in all there is a well-developed, fish-like tail, which 
is retained throughout life. The vertebras are sometimes hol- 
low at both ends (ampkiocelous), sometimes hollow behind 
and convex or rounded in front (opislAoecelotis). The ribs arc 
rudimentary and the bones of the forearm {radius and nlna), 
and of the shank {tibia a.iidjlbula), are separate, and aro not 
combined so as to form single bones. 

The Ichihyornorpha are not unfrequently spoken of as the 
" T^i^ed " Amphibiins { Urodela), and they fall into two natu- 
nl sections accordmi; as the g;ills are permanently retained 
throughout hie, or are cast off before maturity is attained. 
The animils belonffing to the iirst section are often called 
" pprennibranchiate," while those belonging to the second are 
said to be " caducibranchiate " 

Among the Perennibranchiate forms, in which the gills are 
permanently retained after the lungs make their appearance, 
tlie best known examples are Axolotl (Fig, 112), the curious 
Proteus anguinua, and the Mud-eel {Siren). The Axolotls 
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inhabit Yorious of the lakes of the American Continent, the best^ 
known species being the Siredon pisciforme of the Mexican 
lakes (Fig. 113). It attains a length of a foot or more, and 




a both pairs of 1 ml s the for fe t havjng four toes, 
the hind-feet five toes Tl e brand ije ai n the form of three 
long ramified processes on each e de of tl e 1 ead inA the tail 
ia compressed, and fr nged by i fin wh cl js prolonged on the 
back between the sho ilders 1 1 a state of nature tl e Axolotl 
is certainly perennibranoh ate and t breeds f eely in this 
condition. It has been si own however by Prof Marsh, of 
New Haven, that some species, when kept in confinement, lose 
their gills, and undergo certain other changes, becoming ul- 
timately converted into a Salamandroid, apparently belonging 
to the genus Amilystoma. The I^roieus is an extraordinary 
Amphibian which is found inhabiting the waters of eaves in 
Illyria and Dalmatia. It attains a length of about a foot, and 
is of a pale flesh-color or nearly white. The gUIs, which are 
retained throughout life, are of a bright scarlet Both pairs 
of limbs are developed, but they are only short and weak, the 
fore-limbs having three toes each, and the hind-limbs only 
two. The eyes are extremely small, the animal spending its 
existence in darkness; and swimming is efi^ected mainly by 
means of the tail. The Siren, or Mud-eel, is a large li2sircl-like 
Amphibian, which is found abundantly in the swamps of South 
Carolina, and attains the great length of three feet. Tlie ex- 
ternal branehife are retained throughout hfe, and they are the 
main organs of respiration. The fore-limbs are present, but 
the hinder pair of limbs is never developed. 
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Tlie "caducibranchiate" section of this order is charao 
terized by the fact that botli pairs of hmbs are always do 
veloped, and the bracchife are never retained thmughout hfe 
The most familiar examples are the Water saUmanders ot 
Newts {THtOii), and the Land-salamanders. The Newts (Fig. 
113) !tre well known as inhabiting pools in many countries, 




and the young lead a strictly aquatic life. When the lungs 
nre developed the external gills wholly disappear, and the 
respiration becomes strictly agrial, though the animals still 
spend a great part of their time in the water. The larva or 
young form is at first destitute of limbs, and the fore-limbs are 
the first to be developed, the reverse of this taking place in 
the Frogs. In accordance with their mode of life, the tail is 
compressed and flattened, so as to form an efficient swimming 
apparatus. The Watei>salamanders are all oviparous, and the 
young are like the tadpoles of the common frog. 

The Land-salamanders, in both their adult and young 
state, live upon land, and the tail ia rounded and cylindrical. 
The young are not developed in water, but are retained with- 
in the body of the parent for a longer or shorter period, so 
that the reproduction becomes ovo-viviparous, or even vivip- 
arous. The best-known Salamanders occur upon the Con- 
tinent of Europe, and one species is singular in the fact that 
it inhabits high mountains. 

It ia important to remember in connection with all these 
"tailed" Amphibians, that they are wholly distinct from the 
true lAzawTs, with which they are often confounded. Many 
of them are completely iizard-Iike in form, having a long tail 
and two pairs of legs;, all, however, at some time or ol^er in 
their life, respire by means of gills, and this is never the case 
with any true Liaard. It must be confessed, however, that a 
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near approach to the Lizards is made by tlic Land-salamandera, 
the young of whicli Lave sometimes lost their gills before 
birth. 

Obdee hi. Anouea or Tueeiomoepha (Gt. iher, a beast ; 
and morpAe, shapej. — This order is the highest of the Amr 
phibia, and comprises the Frogs and Toada. It is sometimes 
known by the name of JSatrachia (Grr, hatrachos, a frog), or 
Anoura (Gr. a, without ; oura, a tail), the latter name being 
derived from the fact that the adults are "taiUess," 

The taiUess Amphibia or Theriomorpha are charaeterized 
by the feet that while the larva possesses a tail, and is fur- 
nished with gills, the adult has no tail, and breathes wholly 
by lungs. Both pairs of limbs are always developed in the 
full-grown animal, and tlie hind-limbs are usually considerably 
longer than the fore-limbs, and generally have tin, toes 
webbed, wliile those of tbo fore-limbs are tree The skin is 




soft, and there are rarely any traces of any integumentary 
' ' ' "" ■ ' mlum '" 



Tlie spinal column {Fig, 114) is short; the dorsal 
vertebrae are very long ; and the ribs are quite rudimentary, 
their place being taken by greatly-developed transverse pro- 
cesses. The bodies of the vertebrse are hollow in front and 
convex behind (proccelous). The bones of the forearm {radius 
and ulna), and those of the shank (tibia n,nAJibula), are united 
together to form single bones. The upper jaw is usually fur- 
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nished with teeth, and the lower jaw sometimes, but there 
are no teeth in the Toads. The lunge are well developed, 
comparatively speaking; and, as there are no ribs by which 
tlie cavity of the chest can be expanded, the air is taken into 
the lungs by a process nearly akin to that of swallowing. 
There can be no doubt, also, that the skin plays a very im- 
portant part in the aeration o£ the blood, and that the frogs, 
especially, can carry on their respiration by means of the skin 
without fiie assistance of the lungs for a very lengthened 
period. This, however, should not lead to any credence being 
given to the often-repeated stories of frogs and toads being 
found in closed cavities in sohd rock, no authenticated instance 
of such an occurrence being known to science. The ova of 
the frogs and toads are deposited, in masses or strings, in 
water, and the young or larvffi are familiar to every one as 
tadpoles. Upon its escape from the egg, the young frog (Fig. 




;!i an tbe limbs arc preacnt, bat lio tall has 



leen wK 



115) presents itself as a little fish-like creature with a broad 
head, a sac-like belly, and a long, compressed tail with which 
it swims actively. It breathes by means of gills or branchiie, 
of which there are two sets, one external, and the other io- 
torna!; at first there are no limbs; but, as development pro- 
coeds, the limbs make their appearance — the hind-legs first, 
and then the fore-legs. The tail, however (Fig. 115), is still 
retained as an instrument of progression. Ultimately, when 
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the limbs are fully developed, and the gills have given placo 
to lungs, the tai! disappears, and the animal now takes to the 
land as a perfect frog. 

The development of the Frog is a good illustriition of the 
general zoological law, that the transitory embryonic stages 
of the higher members of any division of the animal kingdom 
are often represented by the permanent condition of the lower 
members of the same division. Thus the transitory condition 
of the young Frog, in which it breathes by external branchiEe, 
is to a certain extent permanently represented by the perma- 
nent condition of a pcrennibranchiate Amphibian, such as the 
Proteus. The stage at which the external branchiae have dis- 
appeared, but the tail is still present, and the limbs are de- 
veloped, is permanently represented in the common tailed 
Amphibians, such as the Newts, 

The order Anoura comprises the tliree families of the 
Frogs, Toads, and Surinam Toads. The Frogs (Manidlm) are 
distinguished by having a tongue which is fixed to the front 
of the mouth, "and can be protruded at will, while the upper 
jaw is always armed with teeth. The typical Frogs have 
enormously-developed hind legs, the toes of which are united 
by membrane, or are " webbed," They swim very powet^ 
fully, and can take extensive leaps. The Tree-frogs (Fig. 
114), on the other hand, are adapted for a wholly different 
life, inhabiting trees, among which they climb with great ease 
by the help of suckers developed upon the ends of the toes. 
They are mostly found in warm countries, especially in Amer- 
ica, but one species is European, 

In the equally familiar Toads {Bufonidm) the structure of 



the tongue is the same as in the Frogs, but the Jaws are not 
furnished with teeth. In the Surinam Toads [Pipidm) there 
is no tongue at all, and usually no teeth, 

Oedee IV. Labteinthodontia. — ^This, the last order of 
the Amphibia, is not represented by any living forms, and re- 
quires to be little more than mentioned. The Labyrinthodonts 
were Amphibia which were mostly of large size, and of which 
some must have obtained absolutely gigantic dimensions, the 
skull of one species being three feet in length and two in 
breadth. They were first known to science simply by their 
footprints, which were found in certain Secondary sandstones 
{Trias), These footprints consisted of a series of alternately 
placed pairs of hand-shaped impressions, the hinder print of 
each pair being much larger than the fore one. So like were 
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tliese prints to the shape of the human hand that the unknowu 
animal which had produced them was christened the " Oheiro- 
tkerium" (Gr. cheir, hand; ther, beast). Further researches, 
however^ showed that these footprints were produced by 
various species of large Amphibians, to which the name of 
Labyrint/iodontia was applied, in consequence of the compli- 
cated microscopic structure of the teeth. These extinct Am- 
phibians are known to have existed at the time of the Coal, 
but they are most characteristic of the period known to geolo- 
gists as the Trias. 
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CHAPTER XXVII. 

CLASS lU. liEPTILIA. 

We commence dow tiie second great primary division of 
the Vertebrata, namely, that of the Sawopdda, comprising 
the Reptiles and the ISirds. These two classes, though very 
unlike in exteroal appearance, are united by the following 
characters : There are never at any period of life gills or bran- 
chiae adapted for aquatic respiration ; the red corpuscles of 
the blood are nucleated (Fig. 99, 6, c) ; the skull articulates 
with the vertebral column by means of a single articulating 
surface or condyle; each half of the lower jaw is composed 
of several pieces, and is jointed to the skull, not directly, but 
by the intervention of a special bone (the so-called " quadrate 
bone '>). 

These being the characters by which, among others. Rep- 
tiles and Birds are collectively distinguished from other Vei^ 
tebrates, it remains to see what are the characters by which 
the Reptiles are distinguished, as a class, from Birds. In all 
Reptiles the blood is cold — that is to saj', very slightly warm- 
er than the temperature of the external medium in which they 
live. The integument secretes scales, with or without bony 
plates, but in no case do the integumentary appendages take 
the form of feathers. The heart consists of two auricles, and 
a ventricle, which in most is partially divided into two cham- 
bers by an incomplete partition, and in a few is completely 
divided. In any ease, however, more or less of the impure 
venous b!ood is mixed with the pure arterial blood which cir- 
culates over the body. There is no division between the cavi- 
ties of the thorax and abdomen, and the lungs arc not con- 
nected with air-sacs placed in various parts of the body. The 
limbs may be wanting, or rudimentary, but in no case nre the 
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fore-liinbs constructed upon the type of the " wing" of birds, 
and in no living Reptile is there the bone which is known in 
Birds as the " tarsometatarsus." 

The class ReptiUa includes the Tortoises and Turtles ( Che- 
Ionia), the Snakes ( Ophidia), the Lizards {Zacerlilid), and the 
Crooodiies {Croeoailia). With the exception of the Tortoises 
and Turtles, they are mostly of an elongated cylindrical form, 
furnished behind with a long tail. The limbs may be alto- 
gether absent or quite rudimentary, as in the Snakes, but in 
almost all the higher members of the class there are two pairs 
of limbs, which may be either adapted for walking or swim- 
ming, and which in some extinct forms support a flying mem- 
brane. The internal skeleton is always bony, never cartiLa- 
ginouB or serai-oartilaginous as in many of the fishes. The 
skull is joined to the spine by a single articulating surface (or 
condyle). The lower jaw is complex, each half being com- 
posed of several pieces united by sutures. In Tortoises and 
Turtles, however, these separate pieces are amalgamated to- 
gether, and the two halves are also united, so that the whole 
iower jaw appears to form a single piece. In most ReptUes, 
on the other hand, ttwj two halves of the lower jaw (Fig. 116) 
are only loosely united; in the Snakes by ligaments and mus- 
cles, in the Lizards by gristle, and in the Crocodiles by suture. 




In all, the lower jaw is jointed to the skull by means of a 
special bone, called the quadrate bone;" and as this often 
projects backward, the opening of the mouth is often very 
extensive, and may even extend backward beyond the base of 
the skull (Fig. 116, a). Teeth are generally present, but these 
are used chieflyto hold the prey, and not in biting or chewing 
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tlic food. Except in the Crocodiles, the teeth are not sunk 
into distinct sockets, and they are usually replaced as fast as 
shed. They likewise do not differ from one another sufBoient- 
!y in form or function as to allow of their being divided into 
different sets, as they can be in the Mammals. Usually the 
teeth are confined to the jaws proper, but in some cases they 
are carried by other bones of the mouth. In the Tortoises 
and Turtles there are no teeth, and the jaws are simply 
sheathed in horn, so as to constitute a kind of beak, like that 
of a bird. The integumentary skeleton is in the form of 
scales, sometimes combined with bony plates. In the Tor- 
toises and Turtles the integumentary skeleton is so united 
with the true skeleton as to form a kind of bony case or box, 
in which the body is enclosed. 

The digestive, system presents little worthy of special no- 
tice, except that the termination of the intestine {rectum) opehs 
into a cavity called the " cloaca," which receives also the ducts 
of the urinary and generative organs. 

It is, however, in the structure of the circulatory and respir- 
atory organs that the moat important characters of the Reptiles 
are to be looked for. The heart in all Reptiles may be regarded 
as being, an /iimch'ow, three-chambered, being composed of two 
auricles and a single ventricle, imperfectly divided by an in- 
complete partition. In the Crocodiles alone the heart is, strucl- 
iirally, four-chambered, the ventricle being divided into two 
by a complete partition. Here, however, flie same results are 
brought about as in the other Reptiles, by means of a commu- 
nication which subsists between the great vessels which spring 
from the ventricles tlms formed. In the ordinary Reptiles the 
course of the circulation is as follows (Fig, 117) : The impure 
or venous blood that has circulated through the bodyis poured 
by the great veins into the right auricle (a). The pure or 
arterial blood that has been submitted to the action of the 
lungs is poured by the pulmonary veins into the left auricle 
(a'). Both auricles empty their contents into the ventricle, 
and, as the partition which divides the ventricle is an incom- 
plete one, it follows that the venous and arterial streams must 
mix to a greater or less extent in the ventricle. From the 
ventricle arise the great vessels which carry the blood to the 
lungs and. to all parts of the body, and it follows, as a matter 
of necessity, that all these parts are supplied with a mixed 
fluid, consisting partly of impure or venous blood, and partly 
of pure or arterial blood. In the Crocodiles, in which there 
are two ventricles completely separated from each other, the 
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same result is brought about by means of a comniunication 
whicli takes place between the great vessels whicli spriug 
from the ventricles, in the imme- 
diate neighborhood o£ the heart. 

From this brief dessription it 
will be seen that the peculiarity 
of the circulation in Reptiles con- 
sists in the fact, that the lungs 
and all parts of the body are sup- 
plied with mixed blood ; whereas 
in tho higher Vertebrates the 
lunga are supplied with pure 
venous blood, and the various tis- 
sues of the body with pure arte- 
rial blood. 

As regards the structure of 
the lungs, it is merely to be notGu 
that there is no partition (dia- 
phragm or midriffl separating 
the two cavities of the thorax and 
abdomen, and that the lungs, 
*,herefore, often attain a great pro- 
portionate size, sometimes ex- 
tending through almost the whole 
length of the cavity of the trunk. 
There are also no air-sacs commu- 
nicating with the lungs, as in the 
Birds, 

Lastly, all Reptiles are essen- 
tially oviparous, some being ovo- 
viviparous. The egg-shell is usu- 
ally parchment-like, but in other 
cases contains more or less cal- 
careous matter. 

The class Meptilia is divided into four living and five as- 
tinct orders, as follows, but the latter require but brief notice : 

1. Chdonia (Tortoises and Turtles), 

2. Ophidia (Snakes). 

3. Lacertilia (Lizards). 

4. Crocodilia (Crocodiles). 

5. Ichthyopterygia " 

6. Scmropterygia 

7. PleroeaJuria )- Extinct. 

8. Anomodontia 

9. Heinoaauria 




IG. 117.— Diagram of tlie drcufetlon of 
a Eeplfle. a Eight auricle, tMEivIng 
I'eDonB blood fromtlis body; o'Loit 
aitriole^ reodvinp arteriil uobd from 
tb« hiagB; « Axtola-veiKim t^M- 
c^ coDWnlDg mixed blood. wMdi Ib 
driven by (p) the pulmonary srterj- to 
the hiDge, and by<o) the nnls lo the 
body. (The venous eyalem is left light, 
tlie arletial sysWm Is bbek. ^d tli« 
veaeela conlunlog mixed blood ai« 
cioss-eliaded.) 
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CHAPTER XXVIII. 

DIVISIONS OF REFTILIA. 

Okdbb I. Chelonia (Gr, chelone, a tortoise). — In tliis 
order are included the various Tortoises and Turtles, charac- 
terized by having the body enclosed in a bony case or bos, 
and by the fact that the jaws are not provided with teeth, but 
are encased in horn, so as to form a kind of bealc. The case 
in which the body of a Cheloniaii is protected is composed 
partly of integumentary plates, and partly of ilattened bones 
belonging to the true skeleton, and it is composed essentially 
of two pieces, one placed on the back and the other on the 
lower surface of the body, firmly united together at their edges. 
Tiie dorsal shield is more or less convex and rounded, and is 
called the carapace (Fig, 118, ca) ; while the ventral shield is 
more or less completely flat or concave, and is called the plas- 
tron. The carapace and plastron, as just said, are uniiwi by 
their edges, but they leave two openings, one in front for the 
head, and one behind for the tail. The carapace is essentially 
composed of the flattened and expanded spinous processes of 
the vertebrae and the greatly-developed ribs, covered by a 
series of homy plates. These are growths of the integument, 
and in some cases they constitute &e " tortoise-shell " of com- 
inprce. The plastron is also composed partly of bony and 
partly of horny plates, but opinions differ as to whether the 
boay plates are to be looked upon as formed by an expanded 
breastbone, or whether they are merely integumentary, the 
probabilities being in favor of the latter view. 

The remaining peculiarities with regard to the skeleton 
which deserve special mention are: Firstly, that the dorsal 
vertebrse are immovably connected together, so that this region 
of the spine is quite inflexible ; secondly, that the heads of the 
ribs are articulated directly to the bodies of the vertebree ; and, 
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thirdly, that the scapular and pelvic arches, supporting respeo 
tii'ely the fore and hind limbs, are situated within the carapace 
(Fig. 118, « aad^), so that the shoulder-blade is placed inside 
the ribs instead of outside, as is usually the case. 




The Chelonia are conveniently divided into groups, accord- 
ing as the limbs are adapted for swimming (natatory), or for 
progression on land (terrestrial) ; or, again, enable the animal 
to lead an amphibious life, sometimes on land and sometimes 
in the water. Of the strictly aquatic forms the best known 
are the edible Green Turtle ( Chelonia midas) and the Hawk's- 
bill Turtle [Chelonia imhrieatd). The former is found abun- 
dantly in many of the seas of warm climates, and is largely 
imported into Europe as a delicacy. The latter (Fig, 119) is 
truly a native of warm seas, though an occasional straggler 
has reached the shores of Britain. It is of comparatively 
small size — not more than about three feet in length — but is 
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The S^^artortoises or Turtles have the carapace much flat- 
tened, the legs of unequal length, in the form of 'ioiid fins or 
oars, the toes being conjoined, and hardly distinct from one 
another. 

The Marsh, Pond, and River Tortoises are generally fur- 
nished with webbed feet, and lead an amphibious, semi-aquatic 
existence. The so-called " Soft Toartoises " {Trionyctdce,) be- 
long here, and are distinguished by the imperfect condition 
of the carapace, which is simply covered with a leathery skin. 
A good example is the Soft-shelled Turtle (Tl/eroa;) of the 
Southern States. Here also belong the Snapping-turtles, so 
well known in the person of the common American species 
{Chelydra serpentina), and the Terrapins {Emydtda), of 
which many forms are found in aU parts of the United States. 
In the ciuioua little Box-tortoise ( Cistudo Yirgtned} the plas- 
tron is composed of two movable portions which can be 
brought into accurate apposition with the carapace, thus com- 
pletely protecting the animal within. 

The Land Tortoises have short legs of nearly equal length, 
the toes little distinct, and united into a sort of stump, with 
indistinct, borny claws. Good examples of this group are the 
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I European Tortoise {Testudo Grosca) and the Indian 
Tortoise (?'. Tndicd), the last afctaioing a length of over three 
feet. 

Obdee IL Ophidia (Gr. ophis, a serpent). — This order in- 
cludes most of the animals which would commonly be called 
snakes or serpents, and is diaracterized by the following pecu- 
liarities 1 T!ie body is always more or less elongated, worm- 
like or cylindricfu, and the skin develops homy scales, but 
never bony plates. There is never any breastbone {i 
nor pectoral areh, nor fore-limbs ; nor, 
traces of hind-limbs. In a few cases 
hind-limbs can be detected!. The ribs 
OU3, The two halves of the lower jaw 
jjieces each, and they are united to oe 
by ligaments and muscles (Fig. 130), 



. rule, are there any 
however, rudimentary 
ire always very numer- 
are composed of several 
2 another in front only 
Hooked, conical teeth 




are always present, but the\ ire ne\cr lodged m distinct 
sockets, and «tre only used to hold the prej , and not m masti- 
cation. The lungs and other paired organs .ire often not sj'm- 
metrical, one of each pair being usually smaller than the other, 
or altogether absent. 
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The most striking of these clioracters of tiie snakes is to 
be found in the nature of the organs of locomotion. The 
fore-limbs are invariably altogether wanting, and there is no 
pectoral arch nor breastbone ; and the hind-limbs are eitber 
totally absent or are at best rudimentary and never exhibit 
any outward evidence of their existence, beyond the occasion- 
al presence of short, homy claws or spurs. In the entire ab- 
sence, then, or rudimentary condition of the limbs, the snakes 
progress by means of the ribs, which are always excessively 
numerous, and, in the absence of a breastbone, are also ex- 
tremely movable. Their free ends, in fa«t,are simply attached 
by muscular fibres to the scales or " scutes," which cover the 
lower or abdominal surface of the animal. The number of 
ribs varies from 50 up to 320 pairs, and, by means of this 
arrangement, the snakes are able to progress rapidly, walking, 
as it were, upon the ends of the ribs. Their movements are 
also much assisted by the extreme flexibilitv of the whole 
spine, caused by the cup-and-ball articulation oi the bodies of 
the vertebne, each of which is concave in front and convex 
behind (proccelous). 

Of the other characters of the snakes, a few words may be 
said as to the tongue, the eye, and the teeth— all important 
structures in this order. The tongue, in serpents, is probably 
more an organ of touch than of taste, and consists of two 
muscular cylinders, which are united toward their bases. The 
forked organ thus formed can be protruded and retracted at 
will, being in constant vibration when protruded, and being 
in great part concealed by a sheath when retracted. The eye 
of serpents (Fig, 131, A) is not protected by any eyelids, and 
hence the peculiar stony and unwinking stare for which tliese 
reptiles are celebrated. In place of eyelids, the outer layer 
of the skin is prolonged over the eye as a continuous and 
transparent film, behind which is a chamber formed by the 
mucous covering of the eye, into which the tears are dis- 
charged. The outer membrane is periodically shed along with 
the rest of the external or epidermic layer of the integument, 
and is again renewed. The pupil is round in most serpents, 
but it forms a vertical slit or fissure in the venomous snakes 
and in the Boas. 

As regards the teeth, it is to be noticed that the snakes 
are not in the habit of chewing their prey, but of swallowing 
it whole, and the construction of their dental apparatus is in 
accordance with this peculiarity. The lower jaw, as before 
said, articulates with the skull by means of a quadrate bone 
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(Fig. 117), and thii m turn is movably jointed to the cranium. 
The two hahe'i of the lower jaw are also merely united 
loosely in front by ligaments and muscles. In consequence 
of this peculiar arrangement of parts, the serpents have the 
power of opening the mouth to an extraordinary width, and 
they can perform the most astonishing feats in the way of 
swallowing. The teeth are simply fitted for seizing and hold- 
ing the prey, but not in any way for chewing or dividing it. 
In the harmless snakes, the teeth are in the form of solid 
cones, which are arranged in rows round the whole of the 
upper and lower jaws, a double row existing on the palate 
as well. In the venomous snakes, on the other hand, the 
ordinary teeth are usually wanting upon the upper jaws, and 
these bones are themselves much reduced in size. In place 
of the ordinary teeth, however, the upper jaws cai^y the so- 
called " poison-fangs " (Fig 121, B). Theso are a pair of long, 




curved fangs, one on each maxilla or upper jawbone, which, 
when not in use, are pointed backward, and concealed in a 
fold of the gum, but can be raised at will by special muscles. 
Each tooth is perforated by a fine canal or tube, which opens 
by a distinct aperture at the point of the fang, and is connects 
edwith the duct of the "poison-gland," Ttis is a gland, 
situated under and behind the eye, secreting the poisonous 
fluid which renders the bites of these snakes dangerous or 
fatal. When the serpent strikes at any animal, the poison is 
forced through the poison-feng into the wound, partly by the 
contractions of the muscular walls of the gland, and partly by 
the compressive action of the muscles of the jaws. In some 
other snakes, several of which are not certainly known to be 
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venomous, there are large, grooved fangs placed far back in 
the mouth upon the upper jaw. 

Of the non-venomous, harmless snakes, we have an excel- 
lent instance in the common Ringed Snake {Coluber nairix), 
which is of frequent occurrence in most parts of Europe. 
Like all the snakes, it is strictly carnivorous, having a special 
liking for frogs, which it swallows whole. It often takes to 
the water, and can swim rapidly and gracefully, though, in 
this respect, it is excelled by the true venomous water-snakes 
{Hi/drophidce), which are adapted to an aquatic life by having 
a compressed swimming- tail, A well-known American exam- 
ple of this group is ttie common Black Snake (Saseanion 
constrictor). It attains a length of from three to five feet, but 
is perfectly harmless so far as man is concerned. Other non- 
venomous snakes, such as the Boas and Pythons, though des- 
titute of poison-fangs, are, nevertheless, highly dangerous and 
destructive animals. Their bite is harmless, and they seize 
their prey by coiling themselves round it in numerous folds. 
By gradually tightening these folds, they reduce their victim 
to the condition of a shapeless bolus, which they fiuLdly pro- 
ceed to swallow whole. Iq this way, a large Python or Boa 
will certainly succeed in disposing of aa animal as large as a 
sheep or calf, and it has been asserted that human beings, 
and even oxen, can also be swallowed by unusually large 
specimens of tliis family. 

The Boas and Pythons have a horny spur on each side of 
the vent, and the tail is prehensile. Their dental apparatus is 
extremely powerful, giving them a firm hold for the constric- 
tion of their prey. Thej? are the largest of all the serpents, 
attaining a length of thirty to forty feet. The true Boas 
and Anacondas belong to the New World, but the Pythons 
are confined to India, Africa, and the Indian Archipelago. 

The poisonous snakes are represented by the Crotalidix; 
of the New World and the ViperidiB of the Old World. The 
common Rattlesnake ( Crotahes horridua) of the United States 
has the extremity of the tail furnished with a "rattle "or 
homy appendage composed of several membranous cells of a 
pyramidal shape articulated one within the other. Before 
striking its prey, it throws itself into a coil, and shakes its 
rattle. Another highly-dangerous species is the Copperhead 
(Trigonoc^Tudtts eontortrix). The common European viper 
{Pelias ierm) is hardly fatal to adults, but its bite causes 
serious inflammation. Highly deadly, however, is the Cobra 
di Capcllo or Spectacled Snake (JVc0a tripudians) of India, as 
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also is the nearly-allied Naja Jtaje (Fig. 120) of Africa. 0th- 
i;r venomous snakes of evil notoriety are the Death-adder 
{Acanthophis tortor) of Australia, the Puff-adder { Vipera in- 
Jlata) of South Africa, the Homed Viper ( Cerastes comutua) 
of Egypt, and the Harlequin-snakes (Ulaps), but many others 
are equally dangerous. 

Okbee hi. Laceritlia (Lat. lacerta, a lizard).— The third 
order of reptiles is that of the LaoertUia, comprising all the ani- 
mals which are properly known as Lizards, together with some 
sniike-like creatures, such as the Blind-worm. They are distin- 
guished by the following characters : Usually there are two pairs 
of well-developed limbs, but there may be only one pair, or all the 
limbs may be rudimentary. In all cases, however, a scapular 
arch is present. Tlie vertebras are usually hollow in front 
{•procmlous), rarely hollow at both ends (ampMocelous). In no 
living Lacertilian are the teeth lodged in distinct sockets. 
The eyes are mostly furnished with movable eyelids. 

As a general rule, the animals included under this head 
have four well-developed legs, and would, therefore, be popu- 
larly called " Lizards. Some of them, however, such as the 
common Blind-worm {Anguis fiagUis) of Europe, exhibit no 
external indications of limbs, and would, therefore, be generally 
regarded as Snakes. These snake-like Lizards, however, can 
be distinguished from the true Ophidians by the consolidation 
of the bones of the head and jaws, and by the fact that the 
eyes are generally provided with movable eyelids. Dissection 
also shows that the shoulder-girdle (or scapular arch) is always 
present in a rudimentary condition. 

Of the snake-like Lizards, a ffood example is to be found 
in the common Blind-worm or Slow-worm of Europe. It is 
completely serpentiform, without any external indications of 
limbs (Fig. 133), and it is quite harmless. It is remarkable 
for the fact that, when alarmed, it stiffens its muscles to such 
an extent that the tail can readily be broken off, as if it were 
brittle. This same brittleness exists in the Glass-snake { Opki- 
saurus venlralia) of the Southern States, in which also there 
are no limbs. In other allied genera, there may be fore-feet 
alone, or hind-feet may be present, or all four limbs exist in a 
more or less rudimentary condition. In the true lizards 
(Zacerta), all four limbs are present in a well-developed form ; 
as seen in the common Green Lizard (£. vtridis) of Europe. 
The genus Lacerta is represented in America by ifa^Ameivm, of 
which the Striped Lizard {A/mewa sexrlineata) of the Southern 
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States may be taken as a good esample. Of all liviiig Lizards, 
the largest are the Monitors ( Varanidai^ which are exclusiTely 
confined to the Old "World, and attain sometimea a length of 
from six to fight fri1 Vory largo, too, arc some of the 




Iguanas which occur in warm regions in various parts of 
the world, but especially in South America, where they are 
often eaten. Related to the Iguanas are the singular Lizards 
known as the Flying Dragons Xlhaco volans), various species 
of which inhabit the Indian Archipelago and the East Indies. 
They are all of small size, living in trees and feeding on in- 
sects ; and their great peculiarity consists in the fact that cer- 
tain of the ribs are straightened out, and support a wing-lilse 
fold of the skin on each side of the body, by means of which 
the animal can take very extensive leaps from tree to tree. 

The Scincoid Lizards form a very large family, represented 
by numerous species in all parts of the world. The species 
figured below is a common form in Egypt and Arabia, and was 
formerly used as a remedy in various diseases. A nearly- 
allied species is the Blue-tailed Lizard {Seinciis faacdatus) of 
the United States. 

The Geckos (Geckolidm) form a large group of night-lov- 
ing Lizards, which are found in most parts of the world, and 
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chiefly deserve notice from the fact that their eyes are not pro- 
vided with movable eyelids. The Chameleons, also, cannot 
be said to possess movable eyelids, for the eye is covered with 




a single lid, leaving' only a central aperture for the pupil. The 
common species ( Ohameleo Africanns) occurs abundantly in 
the north of Africa, and has long been known for the changes 
of color which it has the power of exhibiting. It is a sluggish 
animal, and catches insects by darting out its long and pro- 
truaible tongue with extreme rapidity, 

Ordbe IV. Ckocodilia. — The last and highest order of 
the living Reptiles is that of the Crocodilia, comprising the 
Crocodiles, Alligators, and Gavials, and characterized by the 
following peculiarities: The outer or integumentary eteleton 
consists partly of horny scales developed by the outer layer 
of the skin, and partly of large bony plates produced by the 
inner layer of the skin. The bones of the skull and face are 
firmly united, and the two halves of the lower jaw are joined 
by a distinct suture. The teeth form a single row in both 
jaws, and are implanted in distinct- and separate sockets. The 
front ribs of the trunk are double-headed, and there are no 
collar-bones. The heart consists of four distinct chambers, 
two auricles and two ventricles, all completely separated from 
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one another. The mixture of arterial and venous blood, liow- 
ever, which is so characteristic of Reptiles, is provided for by 
a communication between the great vessels which spring from 
the two ventricles in the immediate neighborhood of the heart. 
The eyes are protected by movable eyelids, and the ear by a 
movable earlid. The tongue is large and fleshy, and is im- 
movably attached to the bottom of the mouth (hence the be- 
lief of the ancients that the Crocodile bad no tongue). Lastly, 
the Crooodilia agree with the typical Lizards, and differ fix)m 
the Snakes in having foiir well -developed limbs. 




The Crocodilia abound in the fresh waters of hot climates, 
and are the largest of all living Reptiles, not uncommonly at- 
taining a length of sixteen feet or upward. The best known 
of the Crocodilia is the Nilotic Crocodile, which occurs abun- 
dantly in Egypt, and was described by both Herodotus and 
Aristotle, 

The true Crocodiles have the feet completely webbed, the 
hind-legs bordered by a fringe, and the fourth tooth in the 
lower jaw received in a notch on the side of the upper jaw. 
They belong mainly to Africa and Asja, but they are also rep- 
resented in the West Indies and in South America. 

The Alligators have the hind-legs simply rounded, and the 
toes not completely webbed ; while the fourth tooth in the 
lower jaw fits into a cavity in the palate, and is concealed 
from view when the mouth is shut. Like the Crocodiles they 
are essentially aquatic in their habits, and lie dormant during 
the winter in cold climates and the hot season in warm coun- 
tries. They are extremely voracious, and live upon fish and 
small Mammals. The best-known species are the common 
Alligator (A. Mtseissi^iensis) of the Southern States, the 
Caiman {A. palpebromis) of Surinam and Guiana, and the 
" Jacar^" {A. sclerops) of South America. 

The GaviEil or Gfaugetic Crocodile occurs in India, and is 
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distinguisiied by its narrow, elongated j;iws, forming a kind 
of beak. It attains a length of more tban, ten feet. 

Okdeb V, IcHTHTOPTEBYGiA (Gr. ichthus, fiali ; pterux, 
wing). — In this order are included a number of gigantic, fish- 
like Reptiles, which are all extinct, and are characteristic of 
the Secondary period of geology, and especially of the forma- 
tion known aa the Lias. The chief characters by which they 
are distinguished have reference to their purely aquatic life, 
for there can be no doubt that they were inhabitants of the 
sea. Thus the body was fish-like, without any distinct neck. 
The vertebras were hollow at both ends (amphicoelous), and 



the spine thus possessed the flexibility and power of motion 
so characteristic of the true fishes. The limbs also consti- 
tuted powerful swimmin^paddles (Fig. 125), and it is proba- 
ble that there was a vertical tail-fin. 

Much has been gathered from various sources as to the 
habits of the Xi.hthyo'<aun, and their history is one of the most 
interesting chapters m the geological record. That they 
chiefly kept to open seas may be inferred from their strong 
and well-developed swimming apparatus , but the presence of 
a powerful bony arch supporting the fore-hmbs proves that 



they must have occasionally betaken themselves to the land. 
That they were tenants of stormy waters, or were in the habit 
of diving in search of prey, has been inferred from the fact 
that the eyeball is protected from pressure by a ring of bony 
plates. That they possessed great powers of vision, espe- 
cially in the dusk, seems to be rendered certain from the size 
of the pupil and the enormous width of the bony cavities 
(orbits) which contained the eyes. Lastly, that they were 
carnivorous and predacious in the highest degree is shown by 
their wide mouths, long jaws, and numerous powerful and 
pointed teeth. This is also proved by an examination of their 
petrified droppings, which are known as " coprolites," and 
which contain in abundance undigested fragments of fishes 
and other marine animals. 
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Obdee VI, Saukopterygia (Gr. saura, lizard ; pterux, 
wing). — The Reptiles belonging to tliis order agree with the 
last in being aU extinct, and in being confined to the Second- 
ary period of geology. The best known are the PlesiosauH, 
which resembled the Jchthyoaauri in having all the limbs con- 
rerted into swimming-paddles, but differed in several respects, 
of which the most obvious is the great elongation of the n 
(Fig. 136). The J^esiosauri were gigantic i ' " ■■ 




chiefly characteristic of the formations known as the Lias and 
Oolites. As regards the habits of the Plesiosaums, Dr. Cony- 
beare concludes : " That it was aquatic is evident from the form 
of its paddles ; that it was marine is almost equally so from the 
remains with which it is universally associated ; that it may 
have occasionally visited the shore, the resemblance of its ex- 
tremities to those of the Turtle may lead us to conjecture ; its 
movements, however, must have been very awkward on land: 
and its long neck must have impeded its progress through the 
water, presenting a striking contrast to the organization 
which so admirably fits the Ichthyosaurus to cut through the 
waves." As its breathing-organs are such that it must of ne- 
cessity have required to obtain air frequently, it may be in- 
ferred " that it swam upon or near the surface, arching back 
its long neck like a swan, and occasionally darting it down at 
the fish which happened to float within its reach. It may per- 
haps have lurked in shoal-water along the coast, concealed 
among the sea-weed, and, raising its nostrils to a level with 
the surface from a considerable depth, may have found a se- 
cure retreat from the assaults of powerful enemies ; while the 
length and flexibility of its neck may have compensated for 
the want of strength in its jaws and its incapacity for swift 
motion through the water." 

Oedee VII. Pteeosaubia (Gr. pteron, wing; saura, 
lizard). — The Reptiles of this order are all extinct, and, like 
those of the preceding orders, are exclusively confined to the 
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SiicnniLiTy period of geology. The mo&t riniili ir examples 
iire the so-called Fterodactyles, and the distinguishing charac- 
ters of the order have reference to the fact that they were all 
adapted for an aerial life. They present, in fact, an extraor- 
dinary combination of the characters of birds and rejitiles, and 
they make also some approach to the Mamtoalian order of the 
Bats. In the presence of teeth in distinct sockets, and, as we 
sludl see hereafter, in the structure of the fore-limbs, the 
Pterodactyles differ altogether from all known birds; and 
there can be little doubt as to their being genuine Reptiles. 
The only living ReptUe ■which has any power of sustaining 
itself in the air is the little Draco volans, which has been pre- 
viously mentioned. In this case, however, the animal has no 
power of trne flight, but is simply enabled to take extensive 
leaps by means of a membranous expansion on each side of 
the body. In the Bats, again, the power pf genuine flight is 
present ; and this is given by means of a leathery membrane 
which is supported chiefly by certain of the fingers — which 
are greatly lengthened — and is attached to the sides of the 
body and hind-Hmbs. 

In the Pterodaotylt,s the power of true flight was present, 
and this was also conditioned by means of a leathery expand- 
ed membrane attached to the hind limbs the sides of the 
body, and the fore-bnib« In this case however, the chief 
support of the fljing membrane was denied from the outer- 
most finffer of the fore limb which was enormouslj eloni^ated 
(Fig. 137). Thjt the Pterod^ct) les pissed their existence 




chiefly in the air, and did not simply leap from tree to tree, is 
shown by two characters in which they agree with the flying 
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birds. Many of the bones, namely, were " pneumatic " — that 
is to say, were hollow and were filled with air, thus giving the 
animal the degree of lightness necessary for flight. Secondly, 
while the shoulder-girdle has many of the characters of birds, 
the breastbone (sternum) is fumisned with a prominent ridge 
or keel, serving for the attachment of the great muscles which 
work the wings. There can be no doubt, therefore, as to the 
Pterodactyles having enjoyed the power of genuine flight. 
Many of thetn attained no great size, but some of tliem must 
have been gigantic, the expanse of wing in one species having 
been calculated at probably about twenty-seven feet from tip 
to tip. 

Ordee VIII, Anomodontja (Gr. anomos, irregular; 
odotis, tooth), — This order comprises a few Reptiles which be- 
long to the Triassic period of geology, and are distinguished 
by the fact that the jaws were sheathed in horn, so as to form 
a kind of beak very like that of the Turtles. In some species 
there appear to have been no teeth at all; hut in one genus 
there were two long tusks, one on each side of the upper jaw. 
The limbs were fitted for walking and not for swimming, and 
these singular Reptiles must, therefore, have been terrestrial 
in their habits. 

Oedek IX, Deinosaueia (Gr. deinos, terrible; saura, 
lizard). — In this order are included a number of extinct Rep- 
tiles, most of which were of gigantic size, and which are con- 
fined to the Secondary period of geology. They possessed 
teeth, sunk in distinct sockets, and the limbs were extremely 
strong, and adapted for progression on land. In some cases 
the fore-limbs were very much smaller than the hind-limbs, 
and there is reason to suppose that some of these extraordi- 
nary animals, though of enormous size, walked habitually 
upon their hind-legs, like Birds, It is also interesting to note 
that the gigantic footprints of the Sandstones of the Connecti- 
cut Valley, formerly regarded as formed by Birds, are now 
with great probability looked upon as truly the tracks of Dei- 
nosaurian Reptiles. 
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CHAPTER XXIX. 
CLASS IV.— AYES. 

The fourth cUsa of the Vertebrates ia that of the Birds or 
Aves, which may be shortly defined as being " oviparous Ver- 
tebrates, with warm blood, a double circulation, and a cover- 
ing of feathers" (Owen), The other leading characters which 
separate the Birds from the other VertebraCa are that the red 
blood-corpuscles are nucleated, the skull articulates with the 
spine by a single articulating surface (or condyle), the breath- 
ing-organs are in the form of Jungs, which communicate with 
a variable number of air-sacs scattered through the body, and 
the fore-limba are never terminated (in existing birds) by more 
than two fingers, ending in claws, and are generally modified 
so as to form " wings " or organs of flight. 

The feathers, which form, such a distinctive character of 
birds, are formed by a modification of the outer layer of the 
skin (epidermis), and from their non-conducting nature they 
serve to maintain the high temperature of the body which is 
so characteristic of the class. A typical feather, such as one 
of the long feathers of the tail or wing, consists of the follow- 
ing parts ; 1. A horny cylindrical tube, which forms the lowest 
portion of the feather, and is termed the " quill." 3. The 
" shaft," which forms the central axis of the feather, and which 
is simply the continuation of the " quilL" The under surface 
of the shaft is always marked by a strong longitudinal groove, 
and it consists of a homy sheath, filled with a white spongy 
material, not unlike the pith of a plant. 3. The " webs," which 
form the lateral expansions of the feather, and are attached 
to the sides of the shaft. Each web is composed of a number 
of small branches, called the "barbs," and each barb, in turn, 
is furnished with a series of smaller fibres called the " bar- 
bules." As a rule, the barbs are all kept in connection with 
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one another by means of the barbules, the ends of which arc 
hooked. Toward the base of the shaft, however, the barbs 
are usually more or lesa separate and placed at a distance from 
one another, constituting what is known as the " down." In 
the Ostriches and the birds allied to them, all the barbs are 
disunited and placed at a distance, and they are often not at 
all unlike hairs in appearance. The feathers of birds not only 
greatly conduce to the high temperature of the body, but also 
serve to keep out moisture, to which end there is a peculiar 
oil-gland at the base of the taij, with the secretion of which 
the bird anoints its plumage. 

The skeleton of birds exhibits many points of peculiar 
interest, mostly in adaptation to an agrial mode of life ; but 
only some of the more important of these can be noticed here. 
The entire skeleton is at the same time peculiarly compact 
and singularly light, the compactness being due to the pres- 
ence of an unusual quantity of phosphate of lime, and the 
lightness to the fact that many of the bones are filled with air 
in place of marrow. The cervical region (neck) of the verte- 
bral column is unusually long and flexible, since the fore-limbs 
are useless as organs of prehension, and all these functions 
have to be performed by the beak. In all birds the neck is, at 
any rate, suiBciently long to allow of the application of the 
beak to the tail, so as to permit of the cleaning and oiling of 
the whole plumage. The vertebras which form the back or 
dorsal region of the spine are generally more or less immov- 
ably connected together, so as to give a base of resistance to 
the wings. In the Ostrich, however, and in other birds in 
which the power of flight is either very limited or is absent, 
the dorsal vertebrfe are more or less movable one upon the 
other. The vertebrse which follow the dorsal region of the 
spine are all amalgamated together to form a single bony 
mass, which is termed the " sacrum," and this, in turn, is 
united on both sides with the bones which form the pelvic 
arch, which carries the hind-Umbs. The vertebrse of the tail 
are more or less movable upon one another; and in almost all 
living birds, when fully grown, the last joint of the tail (Fig. 
139, B, s) is a long, slender, ploughshare-shaped bone, which 
13 really composed of several vertebrse united together. It is 
usually set on at an angle nearly perpendicular to the axis of 
the body, and it serves to support the great tail-feathers, 
which act as a mdder during flight. It also serves to support 
the oil-gland, which supplies the secretion with which the 
feathers are lubricated. The skull in birds has its several 
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bones generally so amalgamated in the !i.dult, that it forms a 
bony case of a single piece, tlie lower jaw alone remaining 
movable. The head is jointed to the spine by no more than 
a single articulating surface or condyle. The beak, which 
forms such a conspicuous feature in birds, is composed of two 
halves, an upper half or " upper mandible," and a " lower 
mandible." Che lower mandible, like the lower jaw of all the 
Sauropsida, is at first composed of several pieces, but these 
are all undistinguishably united in the adult, and ^e two 
halves of the jaw are also amalgamated together. In no adult 
bird are teeth ever developed in cither mandible; but both 
mandibles are sheathed in horn, constitutiug the "beak," and 
the margins of this sheath are sometimes serrated. 

The most characteristic points, however, in the skeleton of 
the birds, are to be found in the structure of the Kmbs. The 
cavity of the chest or thorax is bounded behind by the dorsal 
vertebrte, on the sides by the ribs, and In front by the breast- 
bone or sternum. The ribs vary in number from seven to 
eleven pairs, and in most birds each rib gives off a peculiar 
process (Fig, 128, B), which passes over the rib next in suc- 
cession behind. Tn Iront the ribs are jointed to a series of 
straight bones, which are called the " sternal ribs," and these, 
in turn, are movably articulated to the breastbone in front. 
According to Owen, these sternal ribs are "the centres upon 
which the respiratory movements hinge." In front the cavity 
of the chest is completed by an enormously -expanded breast- 
bone or sternum (Fig, 138, A), which, in most birds of any 
powers of flight, extends more or less over the abdominal 
cai^ty aa well. Tlie stemum of all birds which possess the 
power of flight is characterized by the presence of a prominent 
ridge or "keel" {Fig. 138, A, b), to whtoh are attached the 
great muscles (pectoral muscles) which move the wings. As 
a general rule, the size of this crest or keel gives a tolerably 
just estimate of the flying powers of the bird to which it be- 
longed. The keel is, of course, most largely developed in 
those birds which possess the power of flight in its greatest 
perfection ; and in those which do not fly, such as the Ostrich, 
there is no sternal keel at all. The pectoral arch or shoulder- 
girdle of birds consists of the shoulder-blades {scapulce), the 
davicles or collar-bones, and of two bones, which are distinct 
in birds, and are called the " coracoid bones." The shoulder- 
blades (s s) are usually long and narrow bones. The coracoid 
bones \kk) correspond with the part of the shoulder-blade 
which is known in most of the Mammals as the "coracoid 
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process ; " and in birds they are not only separate bones, but 
they are the strongest bones of the pectoral arch. They are 
more or less nearly vertical, and they form fixed points for 
the downward stroke, of the -King. The collar-bones or clavi- 
cles (c) in the great majority of birds are united together in 
front, so as to form a somewhat V-shaped bone, which is tech- 
nically called the " furculum," but is familiarly called ' the 
" merry-thought." The function of this clavicular arch is to 
keep the wings asunder during their downward stroke, and 
the strength of the furculum varies, therefore, with the powers 
of flight enjoyed by each bird. The bones which form the 
limb proper, or " wing," are considerably modified to suit the 
special function of flight, but essentially the same parts arc 
present as in the fore-limb of the Mammals. The upper arm 
is constituted by a single bone, the humenes (A), which is gen- 
erally short and stout. The forearm is composed of two 
bones, the radius (r) and the ulna (te), of which the ulna is 
the bigger. These are followed by the small bones, which 
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form the wrist or carpus {q), but these are reduced to two iu 
mimber. The carpus is tollowed by tbe bones which con- 
stitute the root of the band or metaearpun (»j), but these are 
also reduced to two, instead of being five in number, as they 
are in most Mammals. The two metacarpal bones are also 
amalgamated together afc both ends, so as to form a single 
piece, at the base of which, on its outer side, is a rudimentary 
digit, the "thumb" {(), which carries a tuft of feathers, known 
as the " bastard wing." The metacarpal bones, finally, sup- 
port each a single finger (p), of which one is never composed 
of more than one bone or phalanx, while the other is com- 
posed of two or- three phalanges. (To understand thoroughly 
the leading modifications of the limbs of birds, the student 
will do well to refer to the general description of the limbs of 
Vertebrates, p. 200, Figs. 96, 97.) 

As regards the composition of the hind-limb in birds, the 
two halves of the pelvic arch (i. e., the innominate bones) al- 
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ways form a single piece each, and they are always fiimly 
united with the sacral region of the spiue. With the single 
exception, however, of the Ostrich, they do ndt unite below, 
but remain separate. As in the higher Vertebrates, the lower 
limb consists of a thigh-bone {femur), a shank, compatied of 
two bones {tibia and Jibula), a tarsus, a njetatareus, and pha- 
langes, but some of ^ese parts are obscured by coalescence. 
The thigh-bone or femur (Fig. 129,/) is generally very ehoit, 
comparatively speaking ; and the chief bene of the leg is the 
tibia {t), to which a thin and tapering Jilnla (r) is attached. 
In the regular typical limb of a Vertebrate animal the tibia 
and fibula would be followed by a series of small bones, called 
the tarsus, constituting the ankle-joint (Fig. 97) ; and the tar- 
sus would in turn be followetl by a series of bones constituting 
the root of the foot, or metatarsus. In Biids, however, the 
tibia and iibula are followed by a single cylindrical bene, 
which is called the "taiso-metatarsKs" (jw), ard which is 
formed by the amalgamation of the entire metatarsus wiih the 
whole or a portion of the tarsus. The most probable \iew is 
that only the lower portion of the tarsus is prestnt in the 
tarso-metatarsua, and that the upper portion of the tarsus is 
fused with the lower end of the tibia. In this case the ankle- 
joint is placed in the middle of the tarsus, Tlie tarso-meta- 
tarsus is followed below by the foot, which ccnsisis in most 
birds of four toes, of which three are directed forward and 
one backward. In no wild birds are there mere than four 
toes; but some domesticated varieties possess a fifth. In 
most birds with four toes, the toe which is directed backward 
consists of two phalanges ; the innermost of the three forward 
toes has three phalanges, the next has four, and the outer- 
most toe is composed of five. In many birds, such as the 
Parrots, the outermost toe is turned backward, so that there 
are two toes in front and two behind. In the Swifts, again, 
all the four toes are turned forward. In many of the swim- 
ming-birds {^ataCores) the hinder toe is wanting or rudimen- 
tary ; and in the Ostrich both this and the next toe are ab- 
sent, so that the foot consists of no more than two toes. 

The digestive system in Birds consists of the beak, tongue, 
gullet, stomach, intestine, and cloaca, with certain accessory 
glands. There are no teeth, and the beak is employed, in dif- 
ferent birds, for holding and tearing the prey, for prehension, 
for climbing, and in some cases as an organ of touch, being in 
these last instances more or less soft, and supplied with 
nervous filaments. In many birds, too, the base of the bill is 



ibyGoogle 



AYES. 259 

surrouniJed by a circle of naked skin, constituting what is 
called the " cere," and this, too, serves as an organ of touch. 
The tongue of birds can rarely be looked upon as an organ of 
taste, since it is generally cased in horn, like the mandibles. 
It is principally employed as an organ of prehension, but it is 
soft and fleshy in the Parrots, and in them, doubtless, acts as 
an organ of taste. Salivary glands are always present, but 
they are rarely of large size, and are often of extremely simple 
structure. In accordance with the length of the neck, the 
gullet is usually very long in birds, and is generally very di- 
latable. In the flesh-eating and grain-eating birds the gullet 
is dilated (Fig. 130, c) into a pouch which is called the 




Fig, im—Disusttts System of Uie comoion Fowl (after Otcji). oGuUct: e Crop; p Pm- 
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" crop," and is situated in the lower part of the neck, just in 
front of the merry-thought. This may be simply a dilatation 
of the tube of the gullet, or it may be a single or double 
pouch. The function of the crop is to detain the food, for a 
longer or shorter period, according to its nature, before it is 
submitted to the action of the proper digestive organs. In the 
Pigeons, the food which has been previously softened in the 
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crop is returned to the mouth, and supplied to the young in a 
state Buitable for digestion. The gullet, after leaving the 
crop, shortly opens into a second cavity, called the " proven- 
triculus," which is the true digesting stomach, and is richly 
supplied with glands which secrete the digestive fluid or gas- 
tric juice (p). This, in turn, opens into a muscular cavity 
which is called the "gizzard" (g), and which leads into the 
commencement of the small intestine. The characters of the 
gizzard vary with the nature of the food. In the birds of 
prey, which live on a easily-digested animal diet, the walls of 
the gizzard are thin and membranous. In the grain-eating 
birds, such as the fowls, whose hard food requires to be 
crushed before it can bo properly digested, the walls of the 
gizzard are extremely thick and muscular, and the inner lin- 
ing is hard and homy. In these birds the gizzard constitutes 
a kind of grinding apparatus, like the stones of a mill ; while 
the "crop" may be compared to the "hopper" of the mill, 
since it supplies to the gizzard " small successive quantities 
of food as it is wanted (Owen). The grinding action of the 
gizzard is fiirther assisted by the small pebbles and grave! 
which, as is well known, so many birds are in the habit of 
swallowing. These pebbles take the place of teeth, and there 
can be no doubt that they are in many cases essential to 
health, the bird being otherwise unable to triturate its food 
properly. The intestinal canal extends from the gizzard to 
the cloaca (cl), and is comparatively short. The secretions of 
the liver and pancreas are poured into the commencement of 
the small intestine. The commencement of the large intestine 
is furnished in most birds with two blind tubes or cfeca (k). 
These vary considerably in length in different birds, and are 
sometimes wanting; while their exact function is still ques- 
tionable. The large intestine is seldom more than a tenth 
part of the length of the body, and is generally conducted 
straight from Uie cicca to the cloaca. . The cloaca is a com- 
raoo cavity which in birds, as in Beptiles, receives the termi- 
nation of the intestine and the ducts of the generative and 
urinary organs (ol). 

Mespiration is effected in Birds more completely, exten- 
sively, and actively, than in any other class of the Vertehrata, 
and, as the result of this, their average temperature is higher 
than in any other Vertebrates. This extensive development 
of the respiratory process is due to the fact that air is admits 
ted in Birds not only to the lungs, but also to the interior of 
a greater or less number of the bones, and to a series of air- 
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receptacles wbich are scattered through various parts of the 
body. The lungs are two in number, of a brig-ht-red color, 
and spongy texture, and they are conhned to the back part 
of the chest They differ from the lungs of Mammals in not 
being freely suspended in a membranous bag (phura), but in 
being fixed to the back waLl of the chest. The thoracic and 
abdominal cavities are not separated from one another by a 
complete partition (midriff or diaphragm) as the Mammals, but 
the common thoracico-abdomioal cavity is subdivided by means 
of membranous partitions into a series of cavities or sacs, which 
are termed the "air-receptacles." These air-sacs are filled 
with air from the lungs, and vary considerably in number and 
size in different birds. They not only serve greatly to reduce 
the specific gravity of the body, but also assist largely in the 
aiiration of the blood. Connected with the ai [^receptacles, 
and supplementing their action in both of these respects, is a 
series of cavities occupying the interior of a greater or less 
number of the bones, and also containing air. In j-oung birds 
these air-cavities in the bones do not exist, and the bones are 
simply filled with marrow, as in the Mammals. In the Pen- 
guin, which does not fly, none of the bones contain air-cavitdea 
or are "pneumatic;" and in the Ostrich only a few of the 
bones contain air. In the, Pelican and Gannet aU the bones 
of the skeleton, except the phalanges of the toes, are per- 
meated by air ; and in the Hombill even these are pneu- 
matic. 

The /leart in all birds consists of four chambers, and the 
two sides of the heart are completely separated from one 
another. In all essential details, as regards the structure of 
the heart and great vessels, and the course of the circulating 
fluid, Birds agree with Mammals. The impure venous blood 
which has traversed the body is returned by the great veins 
to the right auricle. From the right aiuicle it passes into the 
right ventricle, from which it is driven by the pulmonary artery 
to the lungs. Having been submitted to the action of the air 
contained in the lungs, and having been tlicreby changed into 
arterial blood, the blood is sent back to the left auricle by 
means of the pulmonary veins. Tbence it passes into the 
left ventricle, by which it is again propelled throughout the 
whole body, to return again as venous blood to the right side 
of tbe heart. The heart, therefore, of birds, differs from that 
of reptiles in consisting of two sides, each composed of an 
auricle and ventricle, the right side being wholly concerned 
with sending the venous blood to the lungs, and the left side 
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being entirely occupied with sending tlie arterial blood to the 
body. The right side of the heart is therefore venous, the left 
side arterial. In all Reptiles, on the other hand, the two cir- 
culations — namely, that through the lungs and that through 
the body— communicate with one another, either in the heart 
itself or in its immediate neighborhood; so that both tbe lungs 
and the body are supplied with a mixture of venous with arte- 
rial blood. Though the heart of Birds resembles that of Mam- 
mals in general structure, its cavities are " relatively stronger, 
tlieir valvular mechanism is more perfect, and the contractions 
of this organ are more forcible and frequent in Birds, in ac- 
cordance with their more extended respiration and their more 
energetic muscular actions" (Owen). The urinary organs of 
birds consists of two elongated kidneys, which open by means 
of their ducts (the ureters) into the cloaca, along with the ter- 
mination of the intestine and the ducts of the reproductive 
organs. As a general rule, the female bird is provided with 
only a single ovary — that of the left side — and aJl birds, with- 
out exception, are oviparous. The egg is always enclosed in 
a calcareous shell, and is developed after expu&ion from the 
body, by the process of "incubation" or "brooding" — a pro- 
cess for which birds are especially adapted, in consequence of 
their very high average temperature. The young bird, when 
ready for an independent existence, perforates the shell, often 
by means of a temporary calcareous excrescence developed 
upon the point of the upper mandible of the biU. In some 
birds, mostly in the case of those which live upon the ground, 
the young are able to run about and look for food directly 
after they come out of the egg, as is seen in the common 
Fowl. In most birds, however, the young are liberated from 
the egg in a perfectly helpless and naked condition, and re- 
quire to be fed by their parents for a longer or shorter time, 
bsfore thev are able to take care of themselves. Most of these 
birds, svfch as our common song-birds, reside in trees, and 
build more or less elaborate nests. 

As regards their nervous sys(CTra,the brain of Birds is rela- 
tively larger than the brain of Reptiles, but it is destitute of 
those folds or convolutions which form sp marked a feature in 
the brain of most Mammals. The organs of sense, with the 
exception of touch and taste, are well developed in Birds, 
vision especially being generally extremely acute. The eyes 
are always well developed, and in no bird are they ever want- 
ing or rudimentary. The chief peculiarity of the eye of Birds 
is, that its anterior portion {cornea) forms the segment of a 
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much smaller circle than does the eyeball proper; so that the 
whole eye assumes a conical shape. Another peculiarity is 
that tbe form of the eye is maintained by means of a circle of 
from thirteen to twenty bony plates, which are placed in the 
front portion of the fibrous coat of the eye {sclerotic). Eye- 
lashes are almost universally absent ; but, in addition to the 
ordinary upper and lower eyelids. Birds possess a third mem- 
branous eyelid — the membrana nicHtans — which is placed on 
the inner side of the eye. This nictitating membrane is some- 
times transparent, sometimes pearly white, and it can be drawn 
over the front of the eye like a curtain, moderating the too 
great intensity of the light. As regards the organ of hearing, 
the chief point to remaik is that Birds have mostly no extemai 
ear, by means of which the undulations of sound can bs col- 
lected and transmitted to tbe internal ear. lu some birds, 
however, as the Ostrich, the external opening af the organ 
of hearing is provided with a circle of feathers, which can be 
raised and depressed at will. In the nocturnal Birds, also, 
(such as Owls), the external opening of the ear is protected 
by a musculo-membranous valve, foreshadowing, the gristly 
external ear of Mammals. The sense of smell is apparently 
seldom very acute in Birds, and even the Birds of Prey appear 
to seek their food mainly by the sight. The external nostrils 
are usually placed on the sides of tlie upper mandible, near its 
base, and form simple perforations which sometimes communi- 
cate from side to side. In the curious Aptert/x of New Zea- 
land, the nostrils are placed at the extreme end of the elon- 
gated beak. Sometimes the nostrils are defended by bristles, 
and sometimes by a cartilaginous scale. 

Before passing on to a consideration of the divisions of 
Birds, a few woi-ds may be said on the migrations of Birds, 
In temperate and cold climates, few birds remain constantly in 
the same region in which they were originally hatched. Those 
which do so are called " permanent birds." Other birds, such 
as the Woodpeckers, migrate from place to place without fol- 
lowing any very definite course. These are called " wander- 
ing buds," and their movements are chiefly conditioned by the 
scarcity or abundance of food in any particular locality. Other 
birds, however, at certain seasons of the year, undertake long 
journeys, usually uniting for this purpose into larger or smaller 
flocks. Such birds— of which the Swallows are a familiar in- 
stance — are properly called " migratory birds," and their move- 
ments are conditioned by the necessity of having a certain 
average temperature, without which they cannot live. Thus 
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the migratory birds of cold climates, wiien the cold season 
comes on, travel to warmer countries ; but when the hot sea- 
son of these regions approaches, thej migrate baek again to 
temperate zones. 
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CHAPTER XXX. 



DIVISIONS OF BIRDS. 



BiEDS may be variously divided, but for our present pur- 
pose it is most convenieiit to regard tliem as divided into the 
following eight orders : 

L JVaiatores or Swimmini/ Hirds, characterized by having 
the feet webbed, and the legs short and placed far back, while 
the body is closely covered with feathers and with a thick 
(joafcing of down next the skin. {Ex. Ducks, Geese, Pelicans.) 

IL GraUatores or Wading JSirds, characterized by having 
very long legs, which are destitute of feathers from the lower 
end of the tibia downward. The toes are usually long and 
straight, and are never connected to one another by membrane. 
{M>^. Curlews, Snipes, Herons, Storks.) 

III. Curaores or Iluntiing Sirda, characterized by having 
very short wings, which are not used in flight ; the breast- 
bone is without a ridge or keel ; the legs are very robust ; and 
the hind-toe is wanting or rudimentary. (^Ex. Ostriches and 
Emeus.) 

IV. Itasores or Seratehing Birds, characterized by usually 
having strong feet, with powerful blunt claws, used for scratch- 
ing. The upper mandible of the bill is strongly curved and 
vaulted, and the nostrils are pierced in a membranous space 
at its base, and are covered by a cartilaginous scale, {-fife. 
Fowls, Pheasants, Pigeons.) 

V. Soansores or Climbing Birds, characterized by having 
a climbing foot, in which two toes are turned backward and 
two forward. (Me. Woodpeckers, Parrots, Cuckoos.) 

VI. Jnsessores or Perching Birds, characterized by having 
short and slender legs, with three toes in front and one be- 
hind, the* whole foot being adapted for perching. (Me. Larks, 
Linnets, Swallows, Crows, Humming-birds.) 
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VH. Raptores or Birds of Prey, characterized by having 
a strong, sharp-edged, and sharp-pointed beak, adapted for 
tearing animal food, and by their robust legs, armed with (our 
toes, three Jn front and one behind, all of which are furnished 
with long, strong, crooked claws or talons. {Mr.. Eagles, 
Hawks, Owls.) 

Vin, Saururm or Li^-ard-taiUd JBirds, characterized by 
having a tail longer than the body, composed of numerous 
distinct and movable vertebrse, eaeh of which carries a single 
pair of quill-feathers. (This order includes only the remark- 
able fossil bird, the Arcficeopteryx.) 

Oedeb I, Natatoees (Lat. natafor, a swimmer), — The 
order of the Swimming Birds comprises birds which are as 
much at home in the water as upon land, or even more so. In 
accordance with their aquatic mode of life, the JSfataiores have 
a boat- 1 aped bo Ij generdl elonj,atel, and usually having a 
long neck. The legs are 1 o t i 1 a e placed behind the cen- 
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tre of gravity of the body ; this position enabling them to act 
admirably as swimming-paddles, at the same time that it ren- 
ders the gait upon dry land comparatively awkward and shuf- 
fling. The toes in all the JSTatatorea are webbed to a greater 
or less extent, or, in other words, are united by a inembrare 
{Fig. 131). In many the web or membrane between tfce tees 
is stretched completely from toe to toe, but in others the mem- 
brane is divid€^d between the toes, so that the feet are only 
imperfectly webbed. As their aquatic mode of life exposes 
them to great reductions of temperature, the body in the Na- 
tatorial birds is closely covered with feathers, with a'.thick 
covering of down next the skin. They are further protected 
against becoming wet while in the water by the great develop- 
ment of the oU-gland at the tail, by means of which the dense 
plumage is kept constantly oiled. As a rule, the Natatorial 
birds are polygam.0Ti9, each male having several femaks ; and 
the young are hatched in a condition not requiring assistance 
from their parents, being able to swim about and procure food 
for themselves the instant they are liberated ftcm the egg. 

Among the more important families of the JSRitatcres may 
be enumerated the Penguins (Sp/ieniecidce), tlie Auks {Al- 
cidai), the Gulls and Terns {Laridm), the Petrels (IVoeella- 
rtd(E), the Pelicans {Pelicaniis), the Cormorants (P/ialacro- 
corax), the Gannets (Sula), the Ducks (Anatida), the Geese 
(Ansennce), and the Swans { Cygnidm). 

The Penguins and Auks, with their allies the Divers, Guil- 
lemots, and Grebes, have rudimentary, or at any rate small, 
wings, and are all more at home in the water than upon land. 
The Gulls, Terns, and Petrels, on tie contrary, are all birds of 
powerful flight, and some of them, such as the Albatross, are 
habitually found hundreds of miles from the nearest land. 
The Pelicans, with their allies the Cormorants, Frigate-birds, 
and Darters, are excellent flyers, and also not uncommonly 
perch on trees, which few Natatorial birds do. They are dis- 
tinguished by having the hinder toe directed inward, and 
united to the innermost of the front toes by a continuous 
membrane. The Ganneta, Ducks, Geese, and Swans, have the 
bill very much flattened and covered by a soft skin. The 
edges of the bill are also furnished with a series of transverse 
plates, which forma kind of fringe or " strainer," by means 
of which these birds sift the mud in which they habitually 
seek their food. 

Obdee II. GsALLATOKES (Lat. grallcn, stilts). — The Wading 
Birds for the most part frequent moist situations, such as 
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marshes and shallow ponds, the shore of the sea, or the banks 
of rivers or lakes, though some of them keep entirely, or al- 
most entirely, to the dry land. In accordance with their semi- 
aquatic, amphibious habits, the Waders are distinguished by 
the great length of their legs — the increase in length being 
chieilv due to the elongation of the tarso-mctatarsus. The 
legs (Fig. 132) are also uiifeathercd or naked, as far as the 




ft, 



lower end of the tibia, at any rate. There are three anterior 
toes, and usually a short hind-toe ; but the toes are never com- 

Jeteiy webbed, though they are sometimes partially palmate. 

^e wings are long, and the power of flight is usually consid- 
erable ; but the tail is very short, and its function as a rudder 
is chiefly transferred to the long legs, which are stretched out 
behind in flight. The beak is almost always of great length, 
generally longer than the head (Fig. 133), and usually more or 
less pointed, though it is sometimes flattened. In thp Avocet 
the bill is curved upward, instead of being straight, or bent 
downward, as is generally the case. The typical Waders, as 
before said, spend most of their time wading about in shallow 
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water, feeding upon small fishes, sliell-fisli, worms, and insects. 
Others, such as the Storks, live mostly upon the land, and are 
more or less exclusively vegetable-feeders. 

Among the more important Graliatorial birds are the Rails 
(liaUidcB), Wat«r-hens [GalUnuke), Cranes ( Grruidai), Herons 
(Ardeidm), Storks (Ciconinm), Snipes {Scolopaeidce), Sand- 
pipers {Tringid^), Curlews (Numenius), Plovers (CharadHi- 
diM), and Bustards { Ottdce). 

The Rails are more or less terrestrial in their habits, but 
inhabit marshes and fens. Good examples are the Marsh 
Hen (Malliis elegans) and the Virginia Rail {R. Yirginiantts) 
of North America, and the Com Crake ( Grex pratensis) of 
Europe. The "Water-hens ( Gailmula) and Coots (Mdica) are 
aquatic or semi-aquatic, swimming and diving with the great- 
est ease. The Cranes are in the main vegetable-feeders, and 
inhabit dry plains. The Herons, Egrets, Bitterns, and Night 
Herons, form a beautiful femOy' of wading birds, represented 
in almost every portion of the known world. Nearly allied to 
these are the briUiantly-coIored Ibises {Tantcdin<B), which 
inhabit all warm countries. The C'icomnm are all large birds, 
and comprise the Storks and Adjutant, while the Spoon- 
bills are mainly separated from them by their flattened, spoon- 
shaped bill. The Scolopacidce, comprising the Snipes and 
Woodcocks, the THngidm (or Sandpipers), the Curlews (iVw- 
rmnius), and various other allied birds, are distinguished from 
tlie preceding by the possession of a long, soft, slender bill, 
whidi is used in probing- the ground for food. In the C'hara- 
driidm are comprised the Oyster-catchers, Timistones, Lap- 
wings, Plovers, Thick-knee, and many other familiar birds. 
Lastly, tbe Otidoi comprise only the Bustards, which are ex- 
clusively confined to the Old World, and make a decided ap- 
proach to the Cursorial Birds. 

Oedeb hi. Cursobes (Lat. eurro, I run). — The Running 
or Cursorial Birds, comprising the Ostrich, Cassowary, Emeu, 
Rhea, and Apteryx, are characterized by the rudimentary con- 
dition of the wings, which are useless as organs of flight, and 
by the compensating length and strength of the legs. In ac- 
cordance with this condition of the limbs, the bones have few 
air-ceDs, and the breast-hone is destitute of tbe prominent 
ridge or keel to which the great muscles of the wings arc at- 
tached. The two sides of the pelvis are united together below 
in the Ostrich, and in all the pelvic arch has great strength 
and stability. The legs are extremely powerful, and the hinder 
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toe is wanting in all except the Apteryx, in which it is present 
in a rudimentary condition. The front toes (Fig. 133) ore 
either two or three in number, and are furnished with strong 
blunt claws or nails. The feathers present the remarkable 
peculiarity, that the barbs, instead of being connected by 
means of the barbules, are disconnected and separate from 
one another, thus coming to resemble hairs in appearance. 




The Apltrya iiialraHs (OouU) 



The African Ostrich {Struthio camdus), which is one of 
the best-known members of this order, inhabits the desert 
plains of Africa and Arabia, and is the largest of living birds, 
attaining a height of from six to eight feet. The head and 
neck are nearly naked, and the quill-feathers of the wings and 
tail have their barbs wholly separate, constituting the ostrich- 
plumes of commerce. The legs are extremely strong, and the 
feet have only two toes each. The Ostriches run with extraor- 
dinary speed, and can outstrip the fastest horse. They are 
polygamous, each male having several females, and they keep 
together in larger or smaller flocks. The American Ostriches 
or Sheas are much smaller than the African Ostrich, and have 
the head feathered, while the feet are furnished with three 
toes each. They inhabit the great plains of South America, 
and are polygamous. The Emeu (I>romaius) is exclusively 
confined to New Holland. In size it nearly equals the African 
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Ostncii, standing fiom b\o to seven feet in height, and it is 
not unconiQionly kept as a domestic pet. The Cassowary 
(C'asuartua f/aieatus) inhabits the Moluccan Islands and New 
Guinea, and was fir'it bronght aliie to Europe by the Dutch. 
It stands about fiie feet in height, and possesses a singular 
homy crest upon the head. Another species of Cassowary in- 
habits Australia, and other species are known to exist in the 
Indian Archipelago. The last of the living Cursorial birds is 
the curious bird, the Apteryx (Fig. 133) of New Zealand. In 
this remarkable bird the beak is extremely long and slender, 
iind the nostrils are placed at the extremity of the upper man- 
dible. The legs are comparatively short, and there is a rudi- 
mentary hind-toe, provided with a claw. Tlie feathers of the 
general plumage are long and hair-like, and the wings are 
altogether rudimentary. 

Oedeb IV. Easoees (Lat. rado, I scratch). — The Scratch- 
ing Birds — or, as they are often called, the Gallinaceous Birds 
— ^are characterized by the fact that the upper mandible of the 
bill is convex and vaulted (Fig. 134), and has a membranous 
space at its base, in which the nostrils are pierced. The nos- 
trils are also covered by a cartilaginous scale. The legs are 
strong and muscular, and are often covered with feathers as 
far as the ankle-joint. There are four toes (Fig. 13i), three 
in front, and a short hind-toe placed on a higher level than the 
others. All the toes, in the typical members of the order, are 
j)rovided with strong, blunt daws, suitable for scratching. 
The food of the Masores consists chiefly of hard grains and 
seeds, and, in accordance with this, they have a large crop, 
and an extremely strong and muscular gizzaid. They genei^ 
ally lay their eggs upon the ground, and they are mostly 
polygamous, each male having several mates. The Doves, 
however, pair for life. The males take no part in building 
the nest or in hatching the eggs ; and the young are generally 
precocious, being able to run about and provide themselves 
with food from the moment they quit the e^. The wings 
arc usually weak, and the flight feeble, and accompanied with 
a whirring sound; but many of the Pigeons are powerful 
flyer,. 

The order Rasores is divided into two very well marked 
sections or sub-orders, called respectively the 6-aUinacei and 
Columbaeei. In the Gallinacei are all the typical forms of 
the order, and the characters of this section are therefore the 
same as those of the order itself. They are distinguished from 
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the Oohtmbacei mainly by being less foUy adapted for flight, 
their bodiea being much heavier, comparatively speating, their 
legs and feet stronger, and their win^ shorter. They are also 
generally polygamous, and the males usually posse -- " " 

and are more brilliantly colored than the females. 




The leading families of the Galhnaceous birds are: 1. The 
Tetraonid<e or Grouse family, comprising the true Grouse and 
Black Game [Tetrao), the Ptarmigans {Lagopua), the Buffed 
Grouse {Bonasi^ etc, 3. The F&rdiciticE or Partridge family, 
comprising the Partridges {Perdix), Quails (Oofumiie), Vir- 
ginian and Mountain Quails {Ortyx), Crested Quails (Lophor- 
tyx), etc. 3. The Phasianidm^ or Pheasant family, comprising 
the various Pheasants {Fh.anany£)^ the Domestic and Jungle 
fowls (Gfdlua), the Turkeys {MeUagris), the Guinea-fowls 
{^Numida), and the Pea-fowl (Pavo). 4, The MegapoMdce, 
or Mound-builders, comprising only some singular Australian 
and Indian birds, which build enormous mounds, in which they 
r tlieir eggs. 5. The Cracidce, or Curassow family, 
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The Co^WTO&dcei comprise thePigeons and Doves (Fig, 134), 
and they are separated from the typical Jiasores hy 'beinjr 
much more fully adapted for flight. They are furnished with 
strong wings and are good flyers; and, in place of being ground- 
birds, their habits are to a great extent arboreal, in accordance 
with which the feet are slender and are adapted for perching. 
They are also not polygamous, and their voice is of a much 
more gentle, soft, and melancholy character. (Hence the name 
of Gemitores applied to this section, while the Gallinacei are 
called the Clamatores.) Besides the true Pigeons and Doves, 
this sub-6rder includes also the remarkable estinct bird, the 
Dodo, which was of gigantic size, comparatively speaking, and 
inhabited the island of Mauritius up to the commencement of 
the seventeenth century. 

Okder V. ScAKSOEES (Lat. scando, I climb). — The order 
of Scansores or Climbing Birds is very shortly and easily de- 
fined, having no other distinctive and exclusive peculiarity 
except the fact that the feet have four toes, of which two are 
turned backward and two forward (Fig, 135). Of the two 
toes which are turned backward, one is the proper hind-toe, 
and the other is the outermost toe. This arrangement of 
the toes enables the Scansorial birds to climb with great 
ease and readiness. Their powers of flight are usually very 
moderate, and below the general average, and their food con- 
sists of insects and fruits of various kinds. Their nests are 
usually made in the hollows of old trees, but some (Cuckoos) 
have the remarkable habit of depositing their eggs in the 
nests of other bii-ds. They arp never polygamous, and the 
young are bom in a naked and helpless condition. 

The following families have hoen established in the iScun- 
sores: 1. The Cuculidce or Cuckoo family, comprising the true 
Cuckoos and some allied birds. They are remarkable for the 
fact that many of them are "parasitic," that is to say, they 
lay their eggs in the nests of other birds. The Yellow-billed 
Cuckoo (C. Amerioanua), however, of the United States, 
builds a nest for itself and brings up its own young. 2. The 
Picidm or Woodpecker family, comprising many familiar 
birds, all of which climb and run up trees with the greatest 
facility. They live mostly on insects, which they catch by 
darting out their long, worra-like, Iwrbed tongiie. 3. The 
J^nittaeidee ot Parrot family, comprising the true Parrots, the. 
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Cockatoos, tlie Lovies, the Pairakeets, and the Macaws. They 
are all natives of hot climates, and. are most remarkable for 
their britliant plumage, and loud, harab, and grating voices- 




The beak {Pig. 135) is hooked, and is used as a kind of third 
foot in climbing, but some move about actively on the ground. 
i. The JRhamphastidm or Toucans, distinguished by thf " 
enormously large and cellular bills, the sides of which are et 
rated. They live in deep forests, in small flocks, and are cc 
fined to tropical America. 6. The l^ogonidm or Trogons, 
which inhabit the most retired recesses of the forests of tli 



intertropical regions of both hemispheres, and are distin- 
guished by their resplendent plumage. 

Oeder VT. Insbssoees (Lat. inseSeo, I sit upon, or perch). 
— The sixth order of Birds is that of the Insesaorea or Perohers, 
often spoken of as the Passerine Birds (Lat. passer, a sparrow), 
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They aro defined by Oweu as foUovva : " Legs slender, sliort, 
with three toes before and one behind, the two external toes 
united by a very short membrane " (Fig, 13(>, A, B). 

" The J'erchers form by far the most numerous order of 
birds, but are the least easily recognizable by distinctive char- 
acters common to the whole group. Their feet, being more 
i^speciaily adapted to the delicate labors of nidification " 
(building tlie nest), "have neither tlie webbed structure of 
those of the Swimmers, nor the robust strength and destruc- 
tive talons which characterize the feet of the JStrck of Rapine, 
nor yet the extended toes which enable the Wader to walk 
safely over marshy soils and tread lightly on the floating leaves 
of aquatic plants ; but the toes are slender, flexible, and moder- 
ately elongated, with long, pointed, and lightly-curved claws. 




footofTeHowWoglail B Fool 
akIHawflnoli); D, DentirostniL beak (Shrike) "" ■"- 
FisSroBiral beak (Swift). 



"The PeTchers^Yn general, have the females smaller an < 
less brilliant in their plumage than the males ; they alway: 
live in pairs, build in trees, and display the greatest art ' 
construction of their nests. The young arc excluded in a 
and naked state, and arc wholly dependent for 



the 
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during a certain period on parental care. The train arrives 
in this order at its greatest proportionate size ; tlie organ of 
voice here attains its utmost complexity ; and all the charac- 
teristics of the bird, as power of flight, melody of voice, snd 
beauty of plumage, are enjoyed in the highest perfection by 
one or other of the groups of this extensive and varied order," 

The structure, tlien, of the feet gives the definition of the 
order, but the minor subdivisions are founded on the nature 
of the beali ; this organ varying in form accordinjg to the na- 
ture of the food, which may be "small or young birds, carrion, 
insects, fruit, seeds, vegetable juices, or of a mixed kind." In 
accordance with this tSiaracter, the Tnaesaores have been di- 
vided into four great sections, as foUows : 

1; Conirostres — in which the bill is strong and on the 
whole conical, broad at the base and tapering with consider- 
able rapidity to the point {Fig. 136, C). The upper mandible 
is not markedly toothed at its lower margin. Good exam- 
ples of the Conirostral beak are to be found in the common 
Sparrow, Bullfinch, Crow, or Hawfinch (C). The greater part 
of the Conirostres are omnivorous, eating any thing which 
may come in their way ; but some are granivorous, subsisting 
upon gnuns and seeds. To this section belong the Hombills 
(^uceridce), the Starlings (^Slumidce), the <>ows. Jays, and 
Magpies (Corvidm), the Cross-bills {Loxiadte), and the nu- 
merous Finches, Buntings, Grosbeaks, Tanagers, and Larks 
{^HngiUidcB). 

3. JDentirostres. — The birds of this section are characterized 
by the fact that the upper mandible of the beak is notched or 
toothed on its lower margin near the tip (Fig, 136, D). They 
all feed upon animal food, especially upon insects. In this 
section are the Shrikes {Laniid^), the Fly-catchers (Muscica- 
pidm), the Thrushes {Merulidc^, the Tits {Parid<£), and the 
Warblers (Sylvtadc^), 

3. Tenuirostres. — In this section the beak is long and 
slender, gradually tapering to a point (Fig. 136, E). The toes 
are generally very long and slender, especially the hinder toe. 
Many live to a great extent upon vegetable juices, and among 
these are some of the most fragile and brightly-colored of all 
the birds. A great many, however, live upon insects, either 
partially or entirely, and some of these approach nearly to the 
Dentirostres in many of their characters. Among the more 
important groups included in this section are the Creepers and 
Wrens ( Certhidce), the Honey-eaters (Mdiphagidm), the Hum- 
ming-bii-ds {TVochilidce), and the Hoopoes ( Vpupinct). 
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i. J'issirostres. — Tlie beak in the FissiroBtral birds (Fig. 
136, F) is generally short, and remarkably wide in its gape, 
and the opening of the bill is protected by a number of 
bristles. This arrangement is in accordance with the habits 
of the Fissirostres, the typical forms of which live upon in- 
sects and take their prey upon the wing. The most typical 
Fissiroslrea, in fact, such as the Swallows and Goat-suckera, 
fly about with their mouths open, and the insects which they 
catch in this way are prevented from escaping, partly by the 
bristles which border the gape, and partly by a sticky secretion 
within the mouth. The most typical Fissirostral bu'ds are the 
Swallows and Martens (Ifirunainidce), the Goat-suckers {Car 
primidgidm), and the Swifts ( Gypsdidc^ ; but to these the 
Bee-eaters {MeropidcB) and the King-fishers (Alcedinidte) are 
usually added. 

Oedee VIL Raptoees (Lat. rapto, I plunder), — Tbe 
Birds of Prey are characterized by the form of the beak, 
which is adapted for tearing animal food (Fig. 137, B). The 
upper mandible is the longest, hooked at its point, " strong, 
curved, sharp-edged, and sharp-point«d, often armed with a 
lateral tooth" (Owen) The body is extremely muscular; tlie 




legs are robust, short, with three toes in front and one behind ; 
all the toes armed with strong, curved, crooked claws or talons 
(Fig. 137, A). They al! feed upon the flesh of other animals, 
which they either kill for themselves or find dead, and their 
flight is generally extremely rapid and powerful. They are 
not polygamous, and the female is larger than the male. They 
usually build their nest in lofty and inaccessible situations, and 
seldom lay more than four eggs. The young are hatched in 
a naked and helpless condition. 



ibyGoogle 



278 VERTEBRATE ANIMALS. 

The Haptores are divided into two sections — the Nocturnal 
Birds of Prey, which hunt at nigiit, and the Diurnal Birds of 
Prey, which hunt by day. In the former section is only the 
single family of the Owls {Strigidm), in which the eyes are 
large, and are directed forward ; while the plumage is exceed- 
ingly soft and loose, so as to render their flight almost noise- 
less. The Owls (Fig. 138) hunt their prey in the twilight or 
on moonlight nights, and they live mostly upon field-mico and 
small birds, but they will also eat insects and frogs. In the 




section of the diurnal Raptores are the Falcons and Hawks, 
the Eagles and the Vultures. In all these the eyes are smaUei- 
than in the Owls, and are placed laterally, and the plumage is 
not soft. They usually possess extraordinary powers of flight. 
The wings are long and pointed, the sterna! keel is greatly 
developed, the pectoral muscles are of large size, and many of 
them exhibit powers of locomotion more rapid than those en- 
joyed by any other members of the animal kingdom. 

Of IJie diurnal Raptores, America has many examples, and 
some of these are among the most celebrated members of the 
entire order. Besides many Hawks, Buzzards, and Kites, may 
be especially mentioned the Bald Eagle, the Califomian Vm- 
ture, and the Condor. The Bald or White-headed Eagle 
(Salietua leucocephaim) is well known as the national emblem 
of the United States. It is a fine and courageous bird, and 
lives to a great extent upon fish, which it either catches for 
itself, or, more commonly, wrests foi-cibly from the American 
Osprey. The Califomian Vulture { CatharteB Califomianus) 
is the largest of the Birds of Prey, with the single exception 
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of the Condor. It is entirely confined to the Pacific coast. The 
Condor {Sarcorkampus grypkus) has a stretch of wing of 
from 12 to 14 feet, and is usually seen soaring in majestic cir- 
cles at great elevations, rising, it is said, to a height of over 
20,000 feet. It inhabits the lofty mountain-ranges of the 
Andes, and lays its eggs at a height of from 10,000 to 16,000 
feet, 

Okdee Vni, Saubue^ (Gr. aaura, lizard ; oura. tail). — 
This order includes only the single extinct bird, the jircheeop- 
tert/x, which has been found m the Oolitic rocks of Germany. 
The Archmopteryx was about as big as a common Eook, and 
shows many singular points of resemblance to the true Rep- 
tiles. It differs from all living birds in having two free claws 
to the wing," and in possessing a long, lizard-like tail. Instead 
of the ploughshare-shaped bone which terminates the tail in 




living birds (Fig. 139, B), the tail in the Archceopteryx is very 
long, and consists of about twenty distinct and separate ver- 
tebne, each of which supports a pair of quiU-featherg. The 
tail, therefore, except for the presence of feathers, must have 
been very like tbat of a lAzard. 
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CHAPTER XXXI. 

CLASS v.— MAMMALIA. 

The Jl^ammalla include all the ordinary quadrupeds, and 
may be shortly defined as comprising Vertebrate Animals in 
which some part or other of the skin is always provided with 
hairs, and the young are nourished for a longer or shorter 
time by means of a special fluid — the milk — secreted by speciid 
glands — the mamma/ry glands. These two peculiarities are 
of themselves sufficient to separate the Mammals from all 
other classes of the Vertebrate sub-kingdom. In addition, 
however, to these two leading characteristics, the following 
points are of scarcely less importance :' 

1. The skull is united with the spuial column by means of 
tiBO articulating surfaces or condyles, instead of one, as in the 
Reptiles and Birds. 

2. The lower jaw consists of two halves, each composed 
of a single piece, and united in front. The lower jaw, also, is 
always jointed directly with the skull, and there is no quad- 
rate bone. 

3. The heart consists — as in Birds— of four distinct cham- 
bers, two auricles and two ventricles. The right and left sides 
of the heart are completely separated from, one another, and 
there is never any direct communication between the blood 
sent to the lungs and that sent to the body. The red corpuscles 
of the blood {Fig. 99, a) are, in the great majority of oases, 
in the form of circular disks, and they never contain any inter- 
nal solid particle or nucleus. 

4. The cavities of the chest (thorax) and abdomen are 
separated from one another by a muscular partition, which is 
called the midriff or diaphragm, and is the chief agent in res- 
piration. 



ibyGoogle 



5. The respiratory organs are in the form of two lungs, 
placed in the eheslj and never cocimuuicatiag with air-recep- 
tacles situated in different parts of the body lu no case and 
a.t no period of life are gills or brancliife preset* 

As regards the skeleton of tlie Mammalia it is not neces- 
sary to add niucb to what was said in speaking of the Verie- 
brata generally. With few exceptions, the spinal column is 
divisible into the same regions as in man — namely, tlie neck 
or cervical region, the back or dorsal region, the loins or lum- 
bar region, the sacral region, and the tail or cauda! region {see 
Fig. 95). In spite of the great differences observable in the 
length of the neck in different Mammals, the number of ver- 
tebrse which form the cervical region is extraordinarily con- 
stant, being almost invariably Beven. In this respect the 
Giralie, which is the longest-necked of Mammals, agrees with 
the Whale, which can hardly be said to have a neck at all. 
The vertebrse of the back or dorsal rt-gion are mostly thirteen 
in number, but are often more. In man there are only twelve ; 
and in some cases there are only eleven or ten. The lumbar 
vcrtebKe are usually six or seven in number; five in man; 
rarely less than four. The sacral vertebrte are usually amalga- 
mated to form a single bone — the sacrum — but this is wanting 
in the Whales. The number of vertebrfe in the tail or caudal 
region varies irom four to as many as five-and-forty, and they 
arc usually freely movable upon one another. The thoracic 
cavity or chest in Mammals is always enclosed by a series of 
ribs ; the number of which varies with the number of the dor- 
sal vertebrjB. As a rule, the ribs are united to the breastbone 
or sternum in iront, not by bony pieces, as in birds, but by 
cartilages. Only the front ribs reach the sternum, and these 
are called the " true " ribs ; the hinder ribs fall short of the 
breastbone, and aj-e called the "false" ribs. The sternum is 
composed of several pieces, placed one behind the other, but 
usually amalgamated to form a single bone. It is usually long 
and narrow in shape, and is only rarely furnished with any 
ridge or keel, as it is in birds. The regular number of limbs 
in the Mammals is four, two anterior and two posterior; and 
for this reason the Mammals are often spoken of as Quadru- 
peds. Some Mammals, however, such as the Whales and 
Dolphins, have only the anterior limbs, and many of the Am- 
phibia and Eeptiles walk upon four legs. As regards the 
structure of the fore-limbs (Fig. 96), the general plan of con- 
formation is the same as described in treating of the Yerte- 
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brata generally (p. 303). The shoulder-blado or scapula is 
never absent ; and the coracoid bone, which is so marked a 
feature in the Birds, is with liardly an exception amalgamated 
with the scapiJa. The clavicles or collar-bcnea arc often want- 
ing or rudiinentary, but in no Mammal are they ever united 
together in front so as to form a merry-thought or " furculum." 
The regular number of fingers is five, but they vary from one 
to five, the middle finger being the longest and most persist^ 
ent of all, and being the only finger left in the Horse. Prop- 
erly each finger consists of three short bones or phalanges, 
except the thumb, which has two ; but this rule is occasionally 
departed from. While the fore-limbs are never wanting, the 
hind-limbs are sometimes absent, as in the Whales. Generally 
speaking, however, the posterior limbs are present, and the 
pelvic arch has much the same structure as in man. The foot 
— like the hand — consists regularly of five digits, but it ia sub- 
ject to the same abortion of parts, as we shall see hereafter. 

The great majority of Mammals possess teeth, but these 
are only present in the embryo of the wbalebone Whales, and 
are altogether wanting in the scaly and great Aiit-eaters. The 
teeth are also almost invariably implanted in distinct sockets 
in the jaw. Some Mammals have only a single set of teeth ; 
but in most cases the young Mammal possesses a set of 'tihat 
are called the m»VMeeth or deciduotts teeth, which is ultimate- 
ly replaced by a second set, constituting iiie permanent teeth. 
No Mammal has ever more than two sets of teeth. In man, 
and in many other Mammals, the teeth are divisible into four 
groups, which differ from one another in position, appearance, 
and fimction. These are termed respectively the incisors, ca- 
nines, prtemolara, and molars. It is Impossible to describe 
fully which teeth come under each of these heads without en- 
tering into unnecessary details as to the structure of the jaws. 
It must be sufficient here to point out the general characters 
and position of these groups in a good illustrative example, 
such as one of the higher Ap'ea (Fig. 140). The incisors (t) 
vary greatly in size and number, but they are always placed 
in the front of the mouth, and are the teetli which are used in 
simply biting or dividing the food. The canine or eye-tooth 
(c) is generally larger or more pointed than the other teeth. 
The canines are sometimes wanting, or are sometimes present 
in one jaw and not in the other ; but there are never more 
than four altogether — that is to say, one in each jaw on each 
side. The prEemolars and molars (pm and m) are the so-called 
" back-teeth," and they vary a good deal in number and function, 
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being sometimes adapted for cutting the fooil, but a 
\y for chewing and grinding it down. 




All these kinds of teeth are not necessarily present, and 
the teeth constitute most important characters for separating 
the various orders of Mammals from one another. For this 
reason it is usual to express the number of the teeth in any- 
particular animal by an arithmetical formula, called the dental 
formula. For example, the formula for the portion of the 
jaw of the Chimpanzee figured above (Fig. 140) would be as 
follows : 

*3; c 1; pm2; m 3. 
But this is only one half of the lower jaw, and the dental for- 
mula must include both sides, so that it would be ; 

i 3—3 ; c 1—1 ; pm 2—2 ; m 3—3. 
That this would be the formula is at once evident, when it is 
remembered that the two sides of the jaw of course contain 
exactly the same teeth. Still, the formula as given aboveonly 
includes t!ie lower jaw, and to render it perfect it must take 
in the teeth of the upper jav? as well. This is effected by 
placing the figures in two rows separated by short lines, all 
the figures in the upper row referring to the upper jaw, and 
those in the lower row to the lower jaw; the short dashes be- 
tween the figures of each row still indicating the teeth on the 
two sides of the mouth. The complete formula would there- 
fore run as follows: 
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In tbis way the dentition — that is to saj, the number and ar- 
rangement of the teeth — can be presented in a manner which 
can be instantly recognized by the eye. It must be remem- 
bered, howerer, that the formula seldom exhibits the regulai- 
ity of the one of the Chimpanzee given above. The teeth 
are not necessarily the same in both jaws, and in many cases 
some may be altogether wanting. To show this there is sub- 
joined the dental formula of a typical Iluminant animal, such 
as a sheep : 

.0—0 0—0 3—3 3—3 ^„ 

*3-=3'^i=i;i'-3-3''"3-=^^^^- 
From this formula it will be seen that the sheep has 33 teeth 
in both jaws taken together. The upper incisors and canines 
are wanting, and there are three prsemolars and three molars 
on each side of the upper jaw. In the lower jaw there are 
six incisors, two canines, and the same number of prjemolars 
and molars as in the upper jaw. 

As regards the digestive system of Mammals, the aHmen- 
tary canal and digestive glands have on the whole the same 
general structure and arrangement as in man (pp. 203, 204). 
Some very remarkable modifications, however, in the structure 
of the stomach and in the termination of the intestine occur 
in certain Mammals ; but these will be noticed in speaking of 
the orders in which they occur. 

The cavity of the abdomen in Mammals ia always separated 
from that of the thorax by a complete muscular partition — the 
diaphragm. The abdomen contains the greater part of the 
alimentary canal, the liver, pancreas, kidneys, and other or- 
gans. The thorax contains chiefly the heart and lungs. The 
heiwt is contained in a membranous sac — the pericardium, and 
consists of two auricles and two ventricles. The heart con- 
sists functionally of two sides, each having an auricle and a 
ventricle, which communicate with one another by apertures, 
so guarded by valves that the blood can pass from the auricle 
into the ventricle, but not, under ordinajy circumstances, from 
the ventricle to the auricle. There is in the adult no direct 
communication between the two sides of the heart. The 
course of the circulation is indicated in the subjoined diagram, 
and is shortly as follows ; The venous blood, which has become 
impure by passing through tbe tissues, is returned by the 
great veins to the right auricle, from which it passes into the 
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right Tentricle. From here it is driven through a great vessel, 
called the pulmonary artery, to the lungs, where it is submitted 
to the action of the air, and becomes arterial blood. It is then 
returned to the heart bv a series of vessels, caUed the pulmo- 
nary veins, and is poured into the left auricle, from which it 
passes into the left ventricle. From 
the left ventricle it is propelled to 
all parts of the body by a great 
systemic vessel, which is called the 
aorta (Fig. 141). 

The lungs of Mammals are two 
in number, and differ from those of 
Birds in being freely suspended in 
membranous bags. They are spongy 
and cellular throughout, and they 
never communicate by apertures on 
their surface with aiivsacs placed in 
different parts of the body 

The 'nervous system of Mammals 
is chiefly remarkable for the great 
proportionate development of the 
brain, as compaied with the spin,i! 

In the hjgher Mammalt, also, 
the two halves (hemispheres) of the 
brain proper {rerebruni) are con j 
nected together by a grett band or 
Ijridge of nervous tissue, constitut 
ing what is known as the corpus 
callosum. Ihia structure is not i 
conspicuous feature in the two low 
est orders of the Mammalia. The 
senses, as a rule, attain great per- 
fection in the Mammals; and the 
only sense which can ever be said to be cniirely WBnting is 
that of sight. Eyes, however, are always present, though 
they may be rudimentary; and in those Mammals which are 
said to be " blind," it is not generally that the eyes are want- 
ing, but that the skin passes unbrokenly over the eyeball, or 
the optic nerve is degenerated. Even in these cases, however, 
it is not impossible that there may be some perception-of light 
through the skin. An external ear for collecting sounds is 
usually present; but it is wanting in the Whales and Dol- 
phins, and in some of the Seals. 




blood an left »b<te.) a Bisht 
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riai Wood to tHe bodj ; o Vena ca™ 
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Tbe akin ia invariably furnished over a greater or less pait 
of its surface with the epidermic appendages known as hairs, 
which differ from feathers chiefly in not splitting up as they 
are produced. In the scaly Ant-eater (Manis), the hairs are 
aggregated together so as to form homy scales ; and in the 
Hedge-hog, Porcupine, and other animals, many of the haira 
are developed inlo long spines or prickles. In other cases, 
again, as in the Armadillos, the skin is more or less covered 
by an armor of bony plates. The only apparent exception to 
the universal presence of hair on some part or other of the in- 
tegument of all Mammals is constituted by the true Cetaceans 
(Whales and Dolphins), macy of which are without hair when 
grown up. Some, however, such as the Whales, have a few 
bristles in the neighborhood of the mouth, even when adult. 
And the Dolphins, which are totally hairless when grown 
up, exhibit tufts of hair upon the muzzle before they are 

The young Mammal is always bora in a helpless condition, 
and is nourished for a longer or shorter time by means of the 
milk of the mother. The milk is secreted by special organs, 
called the mammary glands, which are present in both sexes, 
but are normally undeveloped in the male. The number and 
position of the raammse vary a good deal in different cases, 
but they are always placed on the lower surface of the body, 
and their ducts almost always open upon a special eminence, 
called the teat or nipple. In one or two cases, however, the 
mammary glands open by simple slits in the skin of the abdo- 
men, and not by distinct nipples. In ordinary Mammals the 
milk is obtained by voluntary suction on the part of the young, 
but in the Marsupials (Kangaroos, Opossums, etc.) the milk is 
forced into the mouth of the young animal by the action of a 
special muscle. 

So much difference of opinion obtains as to the best foun- 
dation upon which to establish a division of the Mammalia 
into great primary sections, that it has been thought advisable 
to leave. this subject wholly out of consideration. For our 
present purpose it is enoug-h to adopt the old classification of 
Mammals into the two great divisions of the Fiacental and 
Nbrirplacental forms. In the Placental Mammals the young 
is nourished witliin the body of the mother by means of a 
structui* called the placenta, or " after-birth," through which 
the nutrient materials of the mother's blood reach the young. 
In consequence of this, the young of the Placental Mammals 
can be retained within the body for a considerable period, and, 
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when born, they are able to obtain their natural food — the 
milk — by their own exertions. In the Non-placeiital Mam- 
mals, on the other hand, the young are born at an extremely 
early period of their development, before there is any necessity 
that a placenta should be formed for the nourishment of the 
fostus. In these cases, therefore, the young ■when bom are 
much more immature and helpless than in the case of the 
Placental Mammals. So helpless are they, that they are even 
unable to suck, and have in most eases to be fixed by the 
mother herself upon the teats, while the milk is forced into 
their mouths by a muscle which is spread over the mammary 
gland. Adoptmg these primary sections as practically suf- 
ficient in an elementary work, the whole class of the 
Manwnalia may be divided into the following fourteen 
orders: 

Division A. ApL AGENT AL MaMMALS. 

Order l.—Monotremida. 
Order U. — Marsupialia. 

DiviaioB B, — Placental Mammaib. 



Onier S 


—E<U«l,U<,. 


Order 4 


—Sir^it,. 


Order B 


—Uelacea. 


Order 6 


— Unff^lata. 


Order 7 


—Hyr^Koidta. 


Order 8 


—Proboscis. 


Order 9 


—Cat^wora. 


Order 10 


—Jtodmlia. 


Order 11 




Order 12 




Order 13 


—QuUvn^ta. 


Order 14 


-Bimam. 
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CHAPTER XXXn. 
ORDERS OF MAMMALIA, 

Oedek I. MoNOTEEMATA (Gr. nuonos, single ; trema, aper- 
ture). — The first and lowest order of the Mammals — that of 
the Monotremata — comprises oiilv/tivo very remarkable ani- 
mals, both of which are exclusively confined to New Holland. 
These are the Duck-mole ( OmitMrhynchv£) and the Porcupine 
An^eate^ {Echidn<:t\, The Monotremata are essentially charac- 
terized by the fact that, as in Birds, the termination of the in- 
testine opens into a common chamber or cloaca, which receives 
also the ducts of the urinary and reproductive organs. The 
jaws are destitute of true teeth ; but the Ornitkorhynchus 
has a kind of beak, like the bill of a duck, furnished with 
small homy plates, which act as teeth. The pectoral arch, 
which supports the fore-limbs, resembles that of Birds in 
several respects, but especially in tlie fact that the coracoid 
bones are distinct, and are not amalgamated with the shoulder- 
blade. There is no pouch developed on the abdomen of the 
females, but there are the so-called "marsupial bones." These 
are two small bones which arise from the front of the pelvis. 
They are really to be regarded as formed by a conversion into 
bone of the tendons of one of the muscles of the abdomen. 
There are no external ears. The mammary glands have no 
nipples, and the yomig are said to be devoid of a placenta. 

The Ehick-mole (Fig. 143) is one of the most extraordinary 
of Mammals, and is found inhabiting the rivers and lakes of 
Australia and Tasmania. The body resembles that of a small 
otter, and is covered with a short brown fur. The tail is 
broad and flattened, and the jaws are sheathed with horn, so 
as to form a flattened beak, very like the bill of a duck. The 
legs are short, furnished with five toes each, and webbed, so 
that the animal swims with great facility. Their food consists 



ibyGoogle 



ORDERS OF MAMMALIA. ^89 

chiefly of aquatic insects and mollusks, and they make very 
extensive burrows in the banks of streams. 




Tlie other member of the Monotremata is the Porcupine 
Ant-eater or Eohldna, which is not unlike a large hedgehog 
ill appearance. The saout is very long, and is enclosed in a 
continuous skin till close upon its extremity, where there is a 
small aperture for the protrusion of a long and flexible tongue. 
There are no teeth, nor any organs to act as teeth. The feet 
have five toes each, and are furnished with strong digging- 
claws, but the toes are not webbed. The skin is covered wifli 
strong prickly spines interspersed with bristly hair. The 
Eahiana measures from fifteen to eighteen inches in length, 
and is a nocturnal animal. It lives in burrows, and feeds 
upoa insects, which it captures by protruding its long, sticky 



Order II. Marsupialia — The name of Marsupials is de- 
rived from the fact that the females of this order are mostly 
furnished with an abdominal pouch or marsupiiim, within 
which the nipples pre situated. When bom, the young are 
placed by the mother within this pouch, where they adhere to 
the teats, and can be carried about without injury. Eveft 
when further advanced in their development, the younsr often 
bstake themselves to the shelter of the marsupium. The so- 
called "marsupial bones" are present, and as they spring 
from the front of the pelvis they no doubt serve to support the 
pouch ; but this cannot be their sole use, as they esist in the 
ni-iles, and also in the Monotremes, in whom there is no pouch. 
All Marsupials possess teeth, and the pectoral arch has now 
the same form as in the higher Mammals the coracoid bones 
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being now amalgamated with the ahoulder-blade. Tlie inl«s- 
tine does not terminate in a cloaca. 

Though the Maraupialia form an extremely natural order, 
sharply separated from the other Mammals, they include a 
large number of varied forms. In fact, this order, from its 
being the almost exclusive possessor of a continent so large as 
Australia, has to discharge, in the general economy of nature, 
functions which are elsewhere performed by several orders. 
As regards their geograjibical distribution, with the single 




exception of the family Bidelphidm {the true Opossums), the 
whole order of the Marsupials is exclusively confined to Aus- 
tralia, Van Diemen'a Land, New Guinea, and the adjacent 
Islands. 

The Marsupials may be primarily divided into the vege- 
table-eating and rapacious or camivorons forms — the former 
characterized by the absence or rudimentary condition of the 
canine teeth, the molars having broad, grinding crowns; 
while in the latter there are well -developed canines, and the 
molars are not adapted for grinding-. Of the vegetable-bating 
forms, the best known are the Kangaroos (Mnvropodidm)^ 
distinguished by the remarkable disproportion between the 
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hind and fore limbs, the former being by fiir the longest and 
strongest. By their long hind-legs, assisted by a powerful 
tail, flie Kangaroos can perform astonishing jumps, and, in 
fact, leaping is their mode of progression when pursued. 

Tho typical Kangaroos live on the great grassy plains of 
Australia; but the Tree .Kangaroos spend a great part of 
tlieir time in trees, and the Rock Kangaroos affect mountainotis 
districts, Tho Kangaroo-bear or Native Sloth {Phascolwcn 
Cos cinereus, Fig. 143) has no tail, and has the body covered 
with a short, dense fur, while the ears are tufted. The fore- 
feet can be used as hands, and the toes are all furnished with 
strong, curved claws. It is a harmless, nocturnal animal, and 
spends most of its existence in trees. The typical group, 
however, of the vegetable-eating Marsupials is that of the 
Phalangers, comprising a large number of small animals which 
live in trees, and generally possess a prehensile tail. The 
most femiliar example is the Australian "Opossum" {Phalan- 
giata vidpina), which is largely hunted by the natives. In 
the so-called "flying" Phalangers, again, the tail is not pre- 
hensile, and the animal takes extensive leaps from tree to 
free, by means of a fold of skin which stretches betw een tin.' 
body and the fore and hind limbs. 

Of the carnivorous Marsupials, the Bandicoots {Peramdes), 
the Native Devil {Dast/ums), the Native Tiger {Thylacinua), 
and the American Opossums {Didelphidoi), may be mentioned. 
The Bandicoots are little, rabbit-like Australian animals, which 
live upon insects, and seem to iill the place held in the Old 
"World by the Hedgehogs and Slirew-mice. The Native Devil 
and Thylacine, though both of comparatively small size, are 
extremely ferocious, and do much mischief to the flocks of the 
Tasmanian colonists. About twenty species of Diddphidee 
are known, and they are ail exclusively confined to the Ameri- 
can Continent. They are all of small size, have prehensile 
tails, and mostly live among trees. Tlie best-known species 
is the Virginian Opossum {pidelphys Virginiand). 

Oedbr in. Edentata (Lat. e, without; dens, tooth). — 
This order of Placental Mammals comprises the Ant-eaters, 
Armadillos, and Sloths, and is characterized by the feet that 
the teeth are not covered with enamel, have no complete 
roots, and are never replaced by a second set. Further, in 
none of the Edentates are there any central incisor teeth, and 
in all but one there are no incisors at all. In two genera only 
are there no teeth ; so that the name Edentata is not a very 
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appropriate one. In. all, the toes arc furnished with long and 
powerful claws. 

The Edentata admit of division into two sections, accord- 
ing as tliey live upon & vegetable diet and live in trees, or are 
carnivorous and live upon or below the ground. In the first 
section are only the Sloths {BradypodidcB)^ which are exclu- 
sively confined to South America, inhabiting the vast primeval 
forests of this continent. They are in every way adapted for 
an arboreal life, and are "destined to be produced, to live, and 
to die on trees." They are excessively awkward when upon 
the ground; but the feet are furnished with extremely long, 
curved claws, so that the animal is enabled to move about 
freely, suspended back doivnward from the branches of the 




trees. The Armadillos (Dast/podidw) are also exclusively 
confined to South America ; but they are carnivorous, burrow- 
ing aninaals, and are furnished with strong digging-claws. 
The upper surface of the body is covered with a kind of armor, 
formed of hard, bony plates or shields, which are united at 
their edges (Fig. 144). Most of them can roll themselves up 
into a ball, and they can all bury themselves in the ground 
when pursued. 

Tlie remaining South American Edentates are the hairy 
Ant-eaters, of which the best known is the great Ant-eater 
{Myrmecophaga jubata). The body in this family is covered 
with hair, the tail is long, and the f«eth are altogether want- 
ing. They feed chiefly upon ants and termites, which they 
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catch by protruding their long and sticky tongues, having 
previously broken into the nests by means of their strong, 
curved daws. 

The Sdeniata are represented in the Oid World by only 
two genera. One of these ia "the genua Manis, comprising 
the scaly Ant-eaters or Pangolins, which are exdusively eon- 
lined to Asia and Africa. In these singular animals the body 
and tail are covered by a flexible armor, composed of homy 
plates or scales overlapping like the tiles of a roof. The 
other genus is Orycteropus, comprising only the so-called 
Ground-hog of South Africa ; which also lives upon insects, 
and burrows by means of its strong digging-claws. 

As regards the geographical distribution of the Sdentata, 
it is to be remembered that the order has a very limited range 
at the present day. The true Ant-eaters, the Armadillos, 
and the Sloths, are exclusively confined to South America, in 
which country a group of gigantic extinct Edentates existed 
in the later portion of the Tertiary epoch. The scaly Ant- 
eater is common to Asia and Africa; and the Ground-hog is 
confined to South Afiica. 

Okuek IV. SiEKHiA (Gr. seiren, a Mermaid), — This order 
comprises only certain large marine Mammals, known as Du- 
gongs and Manatees, which were long classed with the Whales 
and Dolphins ( Oetaeea). They agree with the Whales in the 
adaptation of the body to an aquatic life, especially in the 
facts that the anterior limbs are converted into swimming- 
paddles, the hind-limbs are wholly wanting, and the hinder 
end of the body forms a powerful caudal fin, which is placed 
so as to strike the water horizontally, and not vertically as in 
I'''ishes. They differ from the Cetacea in having the nostrils 
placed at the anterior part of the head, and in having molar 
teeth with Sat crowns, adapted for a vegetable diet. Fleshy 
lips are present, the upper one usually with a mustache, and 
the skin is covered with scanty bristles. The head is not dis- 
proportionately large as compared with the body, and there is 
a tolerably distinct neck. They are vegetable-eaters, feeding 
chiefly upon sea-weeds, and haunting the mouths of rivers and 
estuaries. 

The only existing Sirenia are the Manatee {Manatus) and 
the Dugong (JBizlieore), often called " Sea-cows." The Man- 
atees are found on the east coast of America, and on the w^est 
coast of Africa. They are large, awkward animals, attaining 
a length of from eight to ten or fifteen feet, and their flesh is 
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said to be very palatable and wholesome. The Diigongs (Fig, 
146) differ little in appearance and habits from the Manatees. 
They are found on the coasts of tlic Indian Ocean ami the 
north coast of Australia, and ire often killed alio, eaten They 
attain a kngth of from cighteai to twenty feet Tbp bones 
of the skeleton are renjarkdble for their extreme hardne^n and 
density 




14n,-Siretils. Tte Dubobk {Halicc 



Besides these living forms, the Sirenia were represented 
by a gigantic species which formerly inhabited Behring Island 
on the coast of Kamtchatka. This animal was described by a 
M. Steiler who accompanied Behring on bis second expedition, 
and he named it Mhytina. This enormous animal attained a 
length of twenty-five feet, and a circumference of twenty feet, 
and it appears to have been completely exterminated, no spe- 
cimen having been seen for two centuries. 

Order V. Cetacea (Gir, Icetos, a Whale). — This order 
comprises the Whales, Dolphins, and Porpoises, and it is 
characterized by the complete adaptation of its members to a 
watery life. The body is completely fish-like in form, the fore- 
limbs arc converted into swimming-paddles, and the hind- 
limbs are completely wanting ; while the hinder end of the 
Ixidy forms an extremely powerful, horizontal caudal fin. 
Sometimes there is a dorsal fin as well. The nostrils may be 
single or double, but always are placed on the top of the head, 
constituting the "blow-hole," The body is very sparingly 
furnished with hairs, or is wholly without them in the adult. 
The head is generally of disproportionately large size as com- 
pared with the body, and is rarely separable from the trunk 
by any distinct constriction or neck. There is no sacrum, and 
the pelvis is only represented in a rudimentary form. Lastly, 
the adult is either wholly destitute of teeth, or possesses only 
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ft sioj^le set, which ace always conical in shape, and are never 
divisible into distinct groups. All the true (Jetacea are car- 
nittorons, living upon animal food. 

Chief among the Cetaceans in importance and zoological 
interest are the Whalebone Whales {Bakenidix), in which 
the adult is destitute of teeth, though the young whale pos- 
sesses teeth which never cut the gam. The place of teeth is 
taken by a series of transverse plates of whalebone or haleen, 
which are nsed as a kind of screening apparatus or filter to 
separate from the sea-water the minute MoUusks and Jelly- 
fishes upon which these enonnous animals live. The most 
important member of this family, from a commercial point of 
view, is the Greenland Whale (Saltena mysticetus), which 
yields most of the whale-oil and whalebone of commerce. The 
Greenland Whale attains a length of from forty to sixty feet, 
and of this enormous length about a third is taken up by the 
bead alone. The oil b derived from a thick layer of fet or 
" blubber," which is situated under the skin, and serves to pro- 
tect the animal from cold. Though an inhabitant of the sea, the 
whale is obhged to come to the surface to breathe, and in so 
doing it ejects from the blow-holes what looks like a column 
of water, the whole operation being known to the whalers as 
" blowing." The true nature of this act is still somewhat 
questionable, but it appears certain that the apparent jet of 
water is in reality, mtunly if not entirely, due to the condensa- 
tion of the moisture wliich is contained in the air expelled from 
the lungs. The old view was that " blowing " consisted in 
the whale ejecting through the nose the water which had pre- 
viously been filtered through the baleen-plates of the mouth ; 
but it appears to be quite certain that this riew, at any rate, 
is not the correct one. The Rorquals or Finner Whales re- 
semble the Greenland Whale in most respects, but the skin is 
furrowed with deep plaits or folds, and there is a dorsal fin, 
placed on the back. Some of these attain a gigantic size 
(eighty feet or more), but they are seldom captured, as their 
commercial value is small. 

The Toothed Whales {Odontoceti) are best knowd by the 
Sperm Whale, an animal as large as, or larger than, the Green- 
land Whale, but distinguished by having numerous conical 
teeth, a single blow-hole, and a curiously-truncated head. 
They yield an excellent oil, and the singular fatty substance 
which is known as " spermaceti." They also yield the sub- 
stance called " ambergris," which is used as a perfume ; but 
this is probably a product of disease. 
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The last family of the Cetaeea is that of the Delphinidee-, 
comprising the Uolphins (Fig. 146) and Porpoises, They have 
numerous conical teeth in both jaws, and the nostrils open by 
a single aperture on the top of the head. Tlie Dolphins are 




inhabitants of the sea, but two species live i 
India, and the other in America. The Porpoises are also 
marine, and occur in all seas. The most remarkable of the 
Delphinidce is the Narwhal or Sea-Unicom, which is found in 
the Arctic seas, and which attains a length of as much as fif- 
teen feet in the body alone. The chief peculiarity of the Nar- 
whal is in the dentition. The females, as a rule, have no teeth, 
the upper jaw alone having two rudimentary incisors which 
never cut the gum. In the males, however, while the lower 
jaw is without teeth, one of the two central incisors of the 
upper jaw is enormously developed, and grows throughout 
the life of the animal. It forms a tusk of from eight to ten 
feet in length, the whole surface of which is spirally twisted. 
The function of this extraordinary tooth is doubtless offensive. 

Oedee VI. Ungi7IATA (Lat. ungula, a hoof).- — Tliis order 
is often spoken of as that of the Hoofed Quadrupeds and is 
one of the largest and most important of the orders f Man 
malia. The order is characterized by having all the four h Is 
and by having that portion of the toe which to cl es tl e 
ground encased in a greatly-expanded nail or hoof, Tl ere are 
never more than four full-sized toes to each leg, and ow ng to 
the presence of hoofs the limbs are useless for grasping, and 
are only of use in locomotion and in supporting the weight of 
the body. There are always two sets of teeth, and the molars 
have broad crowns adapted for grinding vegetable sub- 
stances. 

The Unffulata are divided into two great primary sections, 
according as the toes are even or odd in numhpr : 
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' Odd-toed TTngulatei, in which the 

toes are odd in nuniber — either one or three." I/'koma 

are present, they are noi in pairs. 

£. Artiodaetyla, or Even-toed Ungulatea, in which the 

toes are e^en in number — either two or four ; and, if 

horns are present, they are inpairs. 

The living Perissodactyle Ungulates are the Rhinoceroses, 

tiie Tapirs, and the Horse and its allies. The Shinoceroses 

are extremely large and bulky brutes, having a very thick and 

nearly hairless skin, usually thrown into deep folds. The 

feet (Fig, 147, D) are furnished with three toes each, al! en- 




cased in hoofs. The nose is furnished with one or two horns, 
composed of longitudinal fibres compacted together, and not 
having any central core of bone. When there is only one 
horn, it is, of course, unsymnaetrical ; and, when there are two, 
these ^re not paired, but one is always placed behind the other 
in the middle line of the head, and the hinder one is much the 
shorter. The various species of Rhinoceros are found in 
India, Java, Sumatra, and Africa, inhabiting marshy places 
and feeding chiefly on the foliage of trees. The Tapirs have 
four toes to each of the fore-legs, but only three toes on the 
hind-legs, so that they are properly odd-toed. The nose forms 
a short, movable proboscis, used in stripping off the leaves of 
trees. They are large, clumsy animals, which inhabit South 

• The tore-feet of ttio Tapirs are even-Kad, but the Wnd-feet a« periasodacfy?^ 
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America, Sumatra, and Malacca. The thiril and last family of 
the Perisaodactyla is that of the Mqutdca, comprising the 
Horse, Ass, Zebra, and Quagga. In this family the tttes are 
reduced to one to each foot, enclosed jn a single broad hoof, 




without any supplementary hoofs. There is a continuous 
series of incisor teeth in both jaws, and in the males canines 
are present. The dental formula is : 

. 3—3 i_i 3_3 3—3 ^ 

'^%> o— ^{ornone);^^^^;«Jg^3 = 40 

All the-vaiielies of Horses appear to be descended from 
the single species Equus c^iaV/m, which seems to have been 
primitively a native of Central Asia. When the American 
Continent was discovered it certainly possessed no living horse, 
but the horse has now become completely naturalized there, 
and we know that America formerly possessed about twenty 
Sjiecies of horses, all of which are now extinct. In the genus 
Aximus are the Asses, Zebras, and Quaggas. The Wild Ass 
is a native of Asia, and the domestic Ass is probably descended 
from it. The Zebras and Quaggas are exclusively African, and 
are distinguished by their beautifully-striped and banded 
bodies. 

The ArtiodoGtylea or Mierirtoed XTngulaUs are divided inta 
two groups : 

1. Omnivora, as the Pig and Hippopotamus. 

~. Mumlnaniia, which chew the cud, such as Oxen, Deer, 



Of the Omnivorous forms tJie Hippopotamus or Eiver- 
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horse is characterized, hy its massive hea^-y body, short blunt 
muzzle, and feet with four hoofed toes eatih. The Hippopota- 
mus is found in the rivers of Abyssinia, and throughout the 
whole of Africa to the south of this. It reaches a length of 
from eleven to twelve feet, is nocturnal in its habits, and swims 
and dives with great facility. It lives upon vegetable food, 
and is tolerably harmless unless attacked or irritated. The 
Pigs, Peccaries, and Wart-hogs, constitute the family ^tda, 
and have usually four toes to each foot, though sometimes the 
hind-feet have only three toes. All the toes are hoofed, but it 
is only two w^hich support the weight of the body, the remain- 
ing toe or toes being placed at some elevation on the back of 
the foot. The snout is truncated and cyUndrical, and is ca- 
pable of extensive movement. The tail is very short, or is 
represented only by a tubercle. 

Of the Swine the most important and best known is the 
Wild Boar (Sua scrofd), from which it is probable that all our 
domestic varieties of swine have sprung. Another form is the 
Babyrousea or Hog-deer {^Sus babyruasa), which inhabits the 
Indian Archipelago, and is remarkable for the great size and 
backward curvatm-e of the upper canine teeth. The Wart- 
hogs (I'hacochcerus) are African, and derive their name from 
the possession of a fleshy wart under each eye. The Peccaries 
are exclusively American, the best-known species being the 
Collared Peccary {Dieotyle3 torquatus). They are not at all 
unlike small pigs both in appearance and habits, and they are 
generally found in small flocks. 

The Muminantia form a most natiu'al group of the Ungu- 
lata, characterized by the structure of the foot, the dentition, 
and the structure of the stomach. 

Theyboi is " cloven," consisting of a symmetrical pair of 
toes, encased in hoofs, and looking as if produced by the cleav- 
age of a single hoof. In most cases there are also two small 
supplementary hoofed toes placed on the hack of the foot. 

As regards the dentition, the typical state of things is that 
there should be no incisor nor canine teeth in the upper jaw, 
but that the lower jaw should have six incisore and two canraes, 
which are all similar in size and form, and constitute a con- 
tinuous and uninterrupted series of eight t«stli pla«ed in the 
front of the lower jaw. There are six molar teeth on each 
side of each jaw, and these have grinding surfaces. The typi- 
cal dental formula, therefore, for a Kuminant is; 
,6—0 
'3—3' 
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In the absence of incisor teeth in tht upper jjw, the lower 
incisors bite against a callous pad of hirdcntd gum The 
Camel tribe differs in its dentition from the abo^e tjpiial 
formula, and certain exceptions likewise octur m the mdles 
of some other forms, and in one or two other less important 
instances. 

The stomach in the Euminants is complex, and is divided 
into several compartments, this being in accordance with their 
mode of eating. They all, namtlv, " i umitiate " oi " thew the 
cud; " that is to say, they fiist swallow their food uiimasti- 
cated, and then bring it up ^galIl after a longer or shorter 
period in order to chew it. JTiis la efFc(,ted as follows (Fig. 
149) : The gullet opens at a point betwtcn the first two tom- 




partments or stomachs, of which the largest lies to' the left and 
is called the " paunch," while the smaller right cavity is called 
the " honeycomb bag " {rettcuium). The paunch {rumen) is 
the cavity into which the food is first received, and here it is 
moistened and allowed to soak for some time. After the food 
has lain sufficiently long in the paunch, it passes into the 
''honeycomb bag," where it is made up into little balls or 
pellets, which arc then returned to the mouth by a reversed 
action of the muscles of the gullet. After having been thoi^ 
oughly chewed, and prepared for digestion, the food is now 
swallowed a second time. On this occasion, however, instead 
of passing into the paunch,- the masticated food is conveyed 
into the third stomach. This is known as the " many-pHes " 
or "joscrftmMm," because its lining membrane is thrown into 
a number of longitudinal folds, like the leaves of a book. The 
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psalttjrium opens by a wide aperture into tlie fourth and last 
stomach, known as the " af>omasum." This is a cavity of 
considerable size, which secretes the true digestive fluid (gas- 
tric juice), and it is here that the food is really digested. The 
aboraasum terminates, of course, in the commeoeement of the 
small intestine. 

The Buminantia include a number of famUies, of which it 
is only possible to notice the leading characters of the more 
important ones— namely, the Oamelidm, C'ervidm, Giraffes, 
and Oavicomia. 

The famUy Camdidm comprises the Camel and Dromedary 
of the Old World and the Llamas of the New, and is charac- 
terized by having no horns, by having two incisors in the 
upper jaw, and a pair of canines in both jaws ; while the foot 
consists of only two toes, covered with imperfect nail-like 
hoofs, and destitute of the two supplementary toes. The solea 
of the feet are covered with a callous homy integument upon 
which the animal walks. In the Camels the toes are conjoined 
bolow by a callous pad, and the back is furnished with one or 
two fleshy humps. The Arabian Camel or Dromedary has but 
o'i3 hump, and its structure admirably adapts it for a beast of 
burden in the sandy deserts of Arabia and Africa. One special 
provision toward this end is the possession of large cells in 
t!ie paunch, in which a large quantity of water can be stored 
up, thus enabling the animal to travel for days without drink- 
ing. The Bactrian Camel resembles the Dromedary in most 
respects, but it possesses two humps. The place of the Camels 
of the Old World is filled in South America by the Llamas and 
Alpacas {Auoherna), which have separate toes, and have no 
hump. The Llama is extensively used as a beast of burden, 
but the Alpaca is chiefly of value for its long wool, which is 
largely m.anufactured. 

The family Ceroid<s includes the true Deer, and is charac- 
terized by the fact that the forehead carries two soBd bony 
antlers, which are not hollow, and are usually much branched. 
With the single exception of the Reindeer, these appendages 
are exclusively confined to the males, and tbey are deciduoies; 
that is to say, they are only produced at certain seasons (an- 
nually, at the breeding-season), and, when they have fulfilled 
their purpose, they are shed. They increase in size and in 
the number of branches every time they are reproduced, tUl in 
the old males they may attain an enormous size. Among the 
more familiar of the Deer may be mentioned the Elk, or Moose 
{Aloes Americanua) of Scandinavia and North America, the 
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Reindeer and Caribou ( Cervus tarandus) of Nortbem Europe, 
Asia, and Nortli America ; the Red Deer ( Cervus elaphus, Mg. 
150) of Europe; the Wapiti ((7. Canadensis) of Canada; and 
tlie Roebuck ( Capreolus caprced) of Northern Europe. 




Stag (_Cerm3 itaphiin). 



Of the Giraffes or CamelopardaUdce there is only a single 
living spocies, esclusively confined to the African Continent. 
Both sexes have two pairs of short horns, carried on the fore- 
head; but these are persistent, and are covered with a hairy 
skin. The neck is extremely long, and the fore-legs much 
longer than the hind-legs. It is the largest of living Ruminants, 
and measures as much as from fifteen to eighteen feet in 
height. 

The Cavicomiu or Hollow-homed Ruminants comprise 
the Oxen, Sheep, Goats, and Antelopes, and ai« characterized 
by having horns, which may be present in one or both sexps, 
and consist of a homy sheath surrounding a central bony axis, 
or "horn-core." The horns are persistent, and are not peri- 
odically shed, and there is usually only a single pair, though 
sometimes there are two pairs. In their dentition, and in 



ibyGoogle 



ORDERS OF MAMMALIA. 



other respects, the Cavicornia are to be regarded as being 
the most typical examples of the Euminantia, and they in- 
clude a number of animals which are of the highest utility to 
man. The Antelopes form a very extensive group, closely re- 
sembling the true Deer, but distinguished by the possession 
of hollow horns, in place of s<dl4 antlers. Most of the Ante- 
lopes are African, and there are only two European forms {the 
Chamois being one), while America possesses only tlie Prong- 
buck {Antilope furoifer). Among the more familiar African 
species may be mentioned the Gazelle, the Koodoo (Fig. ISl), 




the Giiu, the Gemsbok, and the Springbok. The Sheep and 
the Groats {Ovidce) are closely allied to one another, and are 
well known by their domestic varieties. All the Sheep appear 
to be natives of the Old World, with the exception of the 
" Bighorn " ( Ovis montand) of the Eocky Mountains, Among 
the true Oxen {Sovidm) the most important species is the 
domestic Ok I^Boa taurus) with its innumerable varieties. The 
true Buffalos (SuAalua) are natives of Asia and Africa, and 
are characterized by their wide horns united at the base. The 
American Buffalo, or Bison, as it is properly called {Bison 
Am ericanus), is distinguished by its enormous head, shaggj' 
mane, and conical hump between the shoulders. America also 
possesses another singular Ox in the person of the Musk Ox 
( Ombo8 moschatus), which is found north of the 60th parallel, 
and is remarkable for its small size and long, woolly coat^ 

Or.PKR Vrr. Htbacoidea (Gr. hnrase-^ a shrew; eidos, 
form). — Tliis order includes only a single small genus {jlyraai). 
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of whicb only a few spcdes are known. They are all gregarious 
little animals, living in holes of the rocks, and capable of do- 
mestication. One species (Hyra/x. Capensis) occurs commonly 
in South Africa, and ia known to the Dutch colonists as the 
"Badger." Another species {Ryrax Si/riaom) occurs in the 
rocky parts of Arabia and Palestine, and Is believed to be the 
"cony" of Scripture. They present many curious points of 
resemblance to the gigantic Rhinoceros, and arc often placed 
in the same order, the similarity being especially great as re- 
gards the form of the molar teeth. The incisor teeth of the 
upper jaw are long and curved, with sharp cutting edges, and 
they grow from a permanent pulp, thus resembling the teeth 
of the genuine Rodents (such as the Rabbit or Beaver), 

Okder VIII. Pboboscidea (hut. proboscis, the snout), — 
This order is only represented at the present day by the Ele- 
phant, of which there are only two species living. One of 
these is the African Elephant, which is distinguished by its 
conves forehead and great flapping ears ; the other is the In- 
dian Elephant, which has a concave forehead and small ears. 
The Probosoidea are characterized by having the nose pro- 
longed into a cylindrical trunk or proboscis, at the extremity 
of which the nostrils are placed (Fig. 152, n). The trunk is 
extremely flexible and highly sensitive, and terminates in a 
finger-like prehensile lobe. There are no canine teeth; the 
molars are few in number, large, and transversely ridged, or 
furnished with tubercles. In the living forms there are no 
lower incisors, but the upper incisors are two in number, grow 
from a permanent pulp, and constitute enormous tusks (Fig. 
153, i). In some of the extinct forms there are two tusk-like 
lower incisors, and sometimes both the lower and upper in- 
cisors are developed into tusks. The feet are furnished with 
five toes each, but these are only partially indicated externally 
by the divisbns of the hoof. The animal walks upon thick 
pads of integument, which constitute the soles of the feet. 
The Indian Elephant inhabits India and the Indian Archi- 
pelago and has five hoofs on the fore-feet, but only four on the 
hind-feet. Like the Ceylon Elephant, which is a mere variety, 
the males aJone possess well-developed tusks. The African 
Elephant has four hoofs on the fore-feet, and only three on 
the hind feet, while it is smaller and darker in color than the 
Indian species. Both sexes also possess tusks, though those 
of the males are largest. All the EHephauts feed upon vege- 
table matter. 
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tf the Indian ^Asphant {Slephaa Indicue)' 
werjaw^'Wltbgiiiidlbgmolarfl, but'Witbout indaorfl; i 
utiuity or ihG probosde. 

Though there are now but two living species of Elephant, 
there ia no doubt but that some of the fossil forms have die(i 
out since the appearance of man upon the globe. Of these, 
the best known is the Mammoth, frozen carcases of which 
have been found in the icy wilds of Siberia. 

Oedee IX. CAENivoitA (Lat. ccwo, flesh ; voro, 1 devour), — 
The ninth order of Mammals is that of the C'amivora or Beasts 
of Prey, comprising the Lions, Tigers, Wolves, Dogs, Cats, 
Hyajnas, Seals, Walruses, etc The Garnivora are distjn- 
guished by possessing two sets of teeth, which are simply 
enamelled, and are always of three kinds, inclsorsj canines, and 
molars, differing from one another in size and shape. The in- 
cisor teeth are generally six in each jaw; the canines are al- 
ways two in each jaw, and are much longer and lai^r than 
the other teeth. The molars are mostly cutting- teeth, fui^ 
nished with sharp, uneven edges, but one or more of the hinder 
teeth Iiavo tuberculate crowns. The molars, too, graduate 
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from a cutting to a tuberculate form as the diet is strictly car- 
nivorous or becomes more or less oiiscellaneous. 

The dental formula differs considerably in different mem- 
bers of the order, but subjoined is the dental formula of the 
Cats (Felidce)^ which are the most typical examples of the 
Carnivora — 

3_3' 1—1'-^ 3— a' 1—1 
Besides the strictly flesh-eating dentition of the Carnivo- 
ra, the order is distinguished by always having the feet pro- 
vided with strong, curved claws, and the collar-bones (clavi- 
cles) are either quite rudimentary, or are altogether absent. 
The Carnivora are divided into the following three sections, 
founded upon the nature of the limbs : 




ffrurfo, lllnd-ldet of Seal; C, Mgitigraiia, Fc 



1. Pinnigrada (Fig, 153, B), in which both the fore and 
hind legs are short, and the feet form broad, webbed, awim- 
niing-paddles. The hind-feet are placed very for back, nearly 
in a line with the axis of the body, and they form with the 
hinder end of the body a powerful caudal fin. In this section 
are the Seals and Walruses. 

2. Plantigrada (Fig. 153, A), comprising the Bears, in 
which the whole, or nearly the whole, of the foot is applied to 
the ground, so that the animal walks upon the soles of the 
feet. 

3. Bigitigrada (Fig. 153, C), comprising the Cal.s, Lions, 
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Tigers, Dogs, etc., in which the heel is raised from the ground, 
and the animal walks upon tiptoe. 

The Seals and Walruses, forming the family Pmnigrada, 
are distinguished from the other Camivora by their adapta- 
tion to an aquatic mode of life. In this respect they agree 
with the thoroughly aquatic Whales and Dolphins, but they 
differ from both the Cetaeea and the Sirenia, not only in their 
dentition, but also in always having well-developed Mnd-limhs. 
The Seals (Fig. 154) are characterized by having incisor teeth 
in both jaws, at the same time that the canine teeth are not 
immoderately developed. They form a very numerous family, 
of which speoies are found in most seas out of the Hrnifs of 



the tropics. They abound, however, especially in the seas of 
the Arctic and Antarctic regions. They are largely captured 
both for their oil and for their fur. The Walrus or Morse 
{Tkiehecits) is distinguished from the true SeaJs by the fact 
that in the adult only two of the upper incisors are present ; 
while the upper canines are enormously developed, and form 
two pointed tusks — fifteen inches or more in length — which are 
directed downward between the small lower canines, and pro- 
ject considerably below the chin. The Walrus is a large, 
beavy animal, from ten to fifteen feet in length, which is found 
in flocks in the Arctic seas, and is hunted both for its blubber 
and for the ivory of the tusks. 

The IHantigrade Camivora apply the whol^ or the great- 
er part of the soie of the foot to the ground in walking; and 
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thia portion of the foot is nearly or altogether destitute of 
hairs, ticept in the White Bear. The most typical members 
of the Planligrada are the Bears (Uraidm), of which the 
common Brown Bear and the White or Polar Bear are familiar 
examples The Bears are much less purely carnivorous than 
the majonty of the order, and, in accordance with tlieir onj- 
nivorous habits, the teeth do not exhibit the typical carnivo- 
rous characters. The incisors and canines have tlieir usual car- 
nivorous torm, but the prsemolars and molars are furnished 
with broad tubercular crowns. The claws are large, curved, 
and strong, but are not retractUe. The tongue is smooth, the 
ears small and erect, the tail short, the nose mobile, and the 
pupil circular. Moat of the Bears are only carnivorous, in so 
far that liiey eat flesh when they can get it ; but a great part 
of their food, consists of roots, acorns, honey, and even insects. 
Nearly related to the true Bears are the familiar Raccoons 
{I^ocyon) of America, the Coatis (Nasud) of South America, 
and the Wah (Ailurm) of India. 

The only remaining Plantigrades of importance are the 
Badgers {Meles) of Europe, Asia, and America, the Gluttons 
or Wolverines ( Gulo) of the same continents, and the Honey- 
badgers {MelUvora) of Africa. 

Forming a kind of transition between the I^anti^ada and 
the Digitigrada is a group of Camivora which comprises nu- 
merous forms, such as the Weasels, Otters, and Civets, which 
apply part, but not the whole, of the sole of the foot to the 
ground. 

The Weasels (^Musteliil<e) have short legs and elongated, 
worm-like bodies, with a stealthy, gliding mode of progression. 
Good examples are the Pole-cat, the Mink, the Ermine, and 
the Sable. The two latter furnish the beautiful and valuable 
furs known by their names. Here also belongs the Skunk 
(^Mephitis), celebrated for its intensely disagreeable odorwhen 
alarmed or irritated. The Otters are nearly allied to the 
Weasels, but have webbed feet adapted for swimming. The 
great S^-otter yields a very valuable fur. The Civets and 
Genettes ( Vwerridm) all belong to the Old World. The true 
Civet-cat inhabits North Africa, and is furnished with a pouch 
wiiich secretes the peculiar fatty substance which is used as a 
perfume under the name of " civet." 

The typical group of the Carnivora Is that of the Digiti- 
(jrada, comprising the three tribes of the Dogs ( Canid<e), the 
Bh-wnas (Mpcenidm), and the Cats (Mlidm). The family 
Camd(B comprises the true Dogs, the Wolves, the Fosea, and 
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tlie Jafikala, all characterized by their pointed muzzles, smooth 
tongues, and non-retractile claws, and by the fact that the 
fore-feet have five toes, while the hind-feet Lave only four. In 
the Symnid(B, comprising the Hyasnas, there are only four 
toes to all the feet, the muzzle is rounded, the tongue is rough, 
and the hind-legs are shorter than the fore-legs. The Hysenas 
are ill-conditioned, ferocious animals, which occur in Africa, 
Asia Minor, Arabia, and Persia. 

The most highly carnivorous, and therefore the most typi- 
cal, group of the Camivora is that of the Cats or Fdidoi, 
comprising the Lions, Tigers, Leopards, Panthers, Cats, and 
others, ik all these the animal walks lightly upon the tips of 
the toes, and the soles of the feet are hairy. The jaws are 
short-, and, owing to this and to the great size of the muscles 
which move the lower jaw, the head assumes a rounded form, 
with a short muzzle. The molars and pnemolars are fewer in 
number than in any other of the Camivora — hence the short- 
ness of the jaws ; and they are all furnished with cutting- 
edges, except the last molar in the upper jaw, which is tuber- 
culate. The legs are nearly of equal length, and the hind-feet 
have only four toes, while the fore-feet have five toes each. 
All the toes are furnished with strong, curved, retractile claws, 
which, when not in use, are withdrawn within sheaths by the 
action of elastic ligaments. The tongue is armed with homy 
eminences, which render it rough and prickly, and adapt it for 
the office of licking flesh from the bones of the prey. They 
are all extremely light upon their feet, and excessively muscu- 
lar; and all have the habit of seizing their prev by suddenly 
springing upon it. In this section are the Lion (Fais leo\, the 
Tiger (Felis Tigris), the Jaguar (Mlia onca), the Puma (Felis 
coneolor), the Leopard (Felis leqpardtts), the Lynxes, and the 
true Cats. 

The Lions are entirely confined to the Old World, inhabit- 
ing Southern Asia and Africa. The males are maned, and the 
tail is tufted. The Royal Tiger is exclusively Asiatic, as are 
most of the Tiger-cats, but some of the latter are American. 
The Spotted Cats or Leopards are represented, among others, 
by the Leopard and Cheetah of the Old World, and the well- 
known Jaguar of the American Continent. The Puma is also 
American, but its color is uniform. The Lynxes are distin- 
guished by their tufted ears, and are found both in the Eastern 
and Western hemispheres. 

Oedee X. EoDENTiA (Lat. rodo, I gnaw).— -In this order 
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are a number of small animals, characterizeii by fiio absence 
of canine teeth, and the possession of two long curved incisor 
teeth in both jaws, which are separated by a wide interval 
from the molars (Fig. 155). There are seldom more than two 




(dcD 






incisors in the upper jaw {aometimea four), but there are never 
more than two in the lower jaw. The molar teeth are few in 
number (rarely more than four on each side of each jaw). The 
feet are usually furnished with five toes each. 

The most characteristic point about the Rodenta is to be 
found in the structure of the incisor teeth, which are adapted 
for continuous gnawing. They grow from persistent pulps, 
and consequently continue growinj^ as long as the animal lives. 




They ire large, long, and curi ed, ind ttre co\ ereil m front with 
a layer of hard enamtl, <:o that the softer pirts ol (ht tooth 
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are placeii behind (Fig, 155, B), The result of tliis i^,, tliat 
aa tiie tooth is used in gnawing, the softer parts beltind weiti 
away more rapidly than the hard enamel in front, and thus the 
crown of the tooth acquires by use a chisel shape, bevelled 
away behind, and the enamel forms a persistent cutting-edge. 
The Rodents are almost all of small size, and are very prolilic. 
They -subsist principally, if not entirely, on vegetable matters, 
especially the harder parts of plants, such as the bark and 
roots. Many possess the power of building very elaborate 
nests, and most of them hybemate (i. e., remain torpid through- 
out the winter). They are very generally distributed over the 
(vholc world. 

The order Itodentia comprises a largo number of families, 
of which little more than the names can be mentioned. The 
most important families of Rodents are the following : 1, X^- 
p<yri(l(P,, comprising the Hares and Rabbits. The Hares gen- 
erally occur in temperate regions, but some are African, and 
one species occurs in the Arctic regions, while the common 
American Hare {Lepm Ajmericanus) extends from Canada to 
Mexico. 3. Cavidce, comprising the Capybaras, Guinea-pigs, 
etc. The Capybara is the largest of hving Rodents, and is 
not unlike a small pig. It is a native of South America, 
and leads an amphibious life. Here also belong the Agoutis 
(Basyproeta) of South America and the West Indies, and the 
Pacas of South America. 3. Mystricid*^, comprising the Por- 
cupines, and characterized by the fe.ct that the body is covered 
with longer or shorter spines or quUls mixed with bristly hairs. 
Most of the Porcupines live in burrows, and are much like the 
Rabbits in their habits, but some are furnished with prehen- 
sile tails, and live in trees. 4. CaatoridcB or Beaver family, 
comprising the Beaver, Musquash, and Coypu. The Beaver 
1ms webbed feet and a scaly tail, and the fur is an article of 
considerable value. It inhabits both North America and 
Europe. The Musquash resembles the Beaver in many re- 
spects, and is also a native of Northern America; but the 
Ciiypu is South American. 5. Mwidm, comprising the Mice, 
Eats, Hamster (Fig. 15P), Lemmings, etc. The Rats and 
Mice are loo well known to require more than merely to be 
mentioned. 6, Dipodid^, comprising the Jerboas of tlie Old 
World, and the .Tumping Mice of America, t. Myoxidm, com- 
prising the Dormice, which must not be confounded with the 
true Mice on the one hand, or with the Shrew-mice on the 
other hand. 8. Scluridm^ comprising the Squirrels, Flying 
Squirrels, and Marmots. The Flying Squirrels do not really 
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fiy, but, like the " flying" Phalangers, they tal:e long leaps 
from tree to tree by means of laterally-extended folds of skin. 
The Marmots, unlike the typical Squirrels, are ground-animals, 
and live in burrows. An excellent example is afforded by tlie 
Prairic-3og {Arctorti^s Ludovicianua) of North America. 

OedeeXI, CiiErEOPTEEA (Gt. cheir, hand; pteror-,^-'m'^). 
— This order is undoubtedly one of the most natural and dis- 




tinctly circumscribed orders in the whole class of the Mam- 
malia, comprising only the Bats. In many respects, however, 
it might be well to regard the order as merely a modified 
branch of the Inseolwora, just as the Pinnigrada are regard- 
ed as a modified ofishoot of the Carnivora. The Cheiroptera 
or Bats are essentially characterized by the fact that the fore- 
limbs are much longer than the hind-limbs, and hare several of 
the fingers enormously elongated. These enormously length- 
ened digits are united by an expanded leatliery membrane or 
" patagiura," which not only stretches between the fingers, 
but is also extended between the fore and hind limbs, and is 
attached to the sides of the body (Fig, IB?), Tlie patagium 
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thus formed often iocludes the taO, and is nearly or quite 
naked or destitute of hairs on both sides. It is used as an 
organ of true flight, and, in accordance with this, tliere are 
well-developed collar-bones (clavicles), and the breastbone ia 
furnished with a ridge for the attachment of the pectoral mus- 
cles. Of the fingers of the hand at least three are destitute 
of nails. The mammary glands are placed upon the chest. 
Teeth of three kinds are always present, and the canines are 
always well developed. 

The Bats arc all twdight'loving or nocturnal animals, and 
they are the only Mammals which possess the power of true 
flight, though several others can make extended leaps from 
tree to tree. The eyes are small, but the ears are very large, 
and their sense of touch is most acute. During the day they 
retire to caves or crevices in rocks, where they suspend them- 
selves by the short thumbs, which are provided with claws. 
In their flight, though they can turn with great ease, they are 
by no means as rapid and active as the true Birds, The tail 
18 sometimes very short, sometimes moderately long, and is 
usually included in a continuation of the " patagium," which 
extends between the hind-legs. The body is covered with 
hair, but the patagium is usually nearly or quite hairless. 
Most of the Bats hybomate. 

The Cheiroptera are conveniently divided into the two 
sections of the Insectivorous and Frugivorous Bats. In the 
first section are all the bats of temperate climates, most of 
which are of very small size, and all of which live upon in- 
sects. Here also belong the great Vampire-bats {Phyllosto- 
midce) of South America. In the second, or fruiteating sec- 
tion of the Cheiroptera, are only the Fox-bats {Pteropid(B), 
which are especially characteristic of the Pacific Archipelago, 
inhabiting Australia, Java, Sumatra, Borneo, etc., but occur- 
ring also in Asia and Africa. They are among the largest 
of the Bats, one species — the Pteropus eduUa or Kalong — at^ 
taining a length of from four to five feet from the tip of one 
wing to the tip of the other. 

Oedeb XII, TsSECTivoKA (Lat. insectum, an insect ; ooro, 
I devour), — The twelfth order of Mammals is that of the In- 
miotivora, which comprises a number of small animals, very 
s.imilar in many respects to the Rodents, but wanting the 
]iecu]iar incisors of that order, and also being provided with 
clavicles. All the three kinds of teeth are present, but the 
dentition is very various, and the only common character is 
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that the crowns of the molar teeth are furnished with small 
pointed eminences or cusps, adapted for crushing insects. All 
the toes have claws, there are usually five toes to each foot, 
and moat of the Insectivora are plantigrade, that is to say, 
walk upon t!ie soles of the feet. They are all small, and tbey 
exist over the whole world, except in Australia and South 
America, where their place is taken by Marsupials, such as the 



The Insectivora are divided into the three families of the 
Moles {I'alpidte), the Shrews (Soricidte), and the Hedgehogs 
{£rinaceidm). The Moles (Fig. 158) are distinguished by 




Tiilpa Sia^paii). 



having the body covered with hair, the feet short and formed 
for digging, and the toes furnished with strong, curved claws. 
There is no external ear, and the eyes are either extremely 
small, or are completely concealed beneath the fur. They ai'e 
all nocturnal burrowing animals. The Stai^nosed Moles (Con- 
dylurd) are American, but their habits are like those of the 
European Mole {Talpa Em-opcea, Fig. 158). The Golden 
Moles ( Chrymchlnrii) are African, and are remarkable for the 
iridescence of their fur. The Shrews are very hke the true 
Mice in external appearance, but they are really widely dif- 
ferent. The body is covered with hair, the feet are not adapted 
for digging, and there arc mostly external ears, while the eyes 
are well developed. No division of the Insectivora is more 
abundant or more widely distributed than the Soricidw, and 
one of the Shrews is probably the smallest of existing Mam- 
mals, not exceeding two and a half inches in length, counting 
in the tail. Besides the true Shrews (iSorear), this fcimily in- 
cludes also the Elephant Shrews (Macrosceltdes) of Africa, 
and the cximmon Water-mole {Scalops aquaticies) of North 
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America, The third family includes only the weil-known 
Hedgehogs, which have the power of rolling themselves into 
a ball at the approach of danger, and which have the upper 
surface of the body covered with short prickly spines, forming 
a protective armor. The common European Hedgehog (iW- 
nacetts £kirop<xus) is the type of the family, but other species 
occur in Africa and India. The "Tcnrecs" {C'enteles) of 
Madagascar are cloaely allied to the Hedgehogs, but have no 
power of rolling themselves up. The " Bansriugs " {Ti^ma) 
of the Indian Archipelago have a long, compressed tail, and live 
mostly in trees. 

Before passing on to the next order, a few words must be 
said about a curious transitional form, which has been alter- 
nately placed in the Cheiroptera, the Insectivora, or the 
Quadnnmana, or has been regarded as the type of a separate 
order. The animal alluded to is the soM^aJled Flying Lemur 
{^Galeopithecus voUians), of which more than one species is 
finown as inhabiting the Indian Archipelago. The leading 
characteristic in this singular animal is the possession of a fly- 
ing-membrane, which extends as a broad expansion from the 
nape of the neck to the arms, from the arms to the hind-legs, 
and from the hind-legs to the tail. The fingers are not elon- 
gated, and do not support a " patagium," so that the animal 
has no power of true flight, but can simply taJcc extended 
leaps from tree to tree. The Galeopithecvs lives chiefly upon 
small insects and birds, and it should, probably, be regarded 
as an aberrant form of the Jnsectwora. 

Order SIH, Qcadeumana (Lat, quatuor, four ; marms, 
hand), — The thirteenth order of Mammals is that of the Quad- 
rumana, comprising the Apes, Monkeys, Baboons, and Le- 
murs. The characteristic of this order is that the innermost 
toe (great-toe) of the hind-limbs can be opposed to the other 
toes, so that the hind-feet become prehensile hands. The term 
"opposed" simply implies that the toe can be so adjusted, as 
regards the extremities of the other toes, that any object can 
be grasped between tliem, just as the thumb of the human 
hand can«be " opposed" to any of the fingers. The fore-feet 
may be destitute of a thumb, but, when this is present, it too 
is generally opposable to the other digits, so that the animal 
becomes truly four-handed or " quadtumanous," 

The Quddrumana are divided into three vei^ natural sec- 
tions, separated from one another both by their anatomical 
cliaractera and their geographical distribution. 
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Section A, Strepsirhina. — Characterized by having the 
noatrils twisted or curved, aud placed at the end of the nose, 
while the second toe of the hind-feet is furnished with a claw. 
The Quadrumana of this section are chiefly refei^able to Mada- 
gascar as their geographical centre, but they spread from 
Madagascar westward into Africa, and eastward to the Indian 
Archipelago. la this family are the Aye- Aye (Cheiromi/s), 
the Iioris and Slow Lemurs (NyolicebidcE), and the Lemurs 
(Jjemt/ridce). The Aye-Aye is confined to Madagascar, and is 
not unlike a large squirrel iir appearance, having a long bushy 
tail. The incisors grow from permanent pulps, like ^oae of 
Rodents, and there are no canines. The Loris and Slow Le- 
murs have either no tail or a rudimentary one, and they are 
confined to Southern Asia, and the great islands of the Indian 
Archipelago. The true Lemurs are natives of Madagascar, 
and are often spoken of as " Madagascar cats." They have a 
soft, woolly fur, and a long tail, which is prehensile. The sec- 
ond toe of the hind-foot has a long and pointed claw. 

Section £. Flatyrhina. — ^This section inchides those mon- 
keys in which the nostrils are simple, aud are placed far apart ; 
the thumbs of the fore-feet are wanting, or, if present, are not 
opposable ; and the tail is generally prehensile. The Platy- 
rhiue Monkeys are exclusively confined to South America, oc- 
curring especially in Brazil, and they are all adapted for a more 
or less purely arboreal life. The best-known members of this 
section are the Marmosets (Sizpalidce), and the great family 
of the C'ebidce, comprising the Spider-monkeys, the Howlers, 
and others. The Howlers (Mycetes) are remarkable for having 
a. bony drum at the summit of the windpipe, by which the 
voice is rendered extraordinarUy resonant, and peculiarly weird 
and terrifying to those who hear it. 

Section V. Oatarhina.— In tliis, the highest section of the 
Quadrumana, the noatrils are oblique and placed close to- 
gether, and the thumbs of all the feet are opposable, so that 
they are truly " quad rum anous." The dental formula agrees 
with that of man : 



1—1 2—2 

'l-V ^'"2=^3' '"3-3 



,— " = 3? 



The incisor teeth, however, are prominent and projecting, 
and the canines, especially in the males, are large and pointed, 
while the teeth form an uneven series. The tail is never pre- 
hensile, and is somelimes absent. Cheek-pouches are often 
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With the single exception of a Monkey which occurs on 
the Rook of Gibraltar, all the Catarhine Monkeys are confined 
to Africa and Asia. The most typical forma of the section are 
the Semnopitheci and Macaques of Asia. Less typical are 
the Baboons, which inhabit AMca, and are among the most re- 
pulsive of all the Quadrumana. In these the tail is always 
short, and often quite rudimentary. The head is large, and 
the muzzle greatly prolonged, having the nostrils at its ex- 
tremity. More than any oUier of the Monkeys they employ 
the fore-limbs in terrestrial progression, running upon all fours 
with the greatest ease. 

The third family of the Catarhine Monkeys is that of the 
Anthropoid Apes, so called from their making a nearer ap- 
proach to man in anatomical structure than is the case with 
any other Mammal. The Anthropoid Apes are distinguished 
by having no tail, nor cheek-pouches. The hind-limbs are 
short — shorter than the fore-limbs— and the animal can pro- 
gress in an erect or serai-erect po.sture. At the same time the 
hind-feet are strictly prehensile, since the thumbs are oppos- 
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able to the other toes. Tlie eanine teeth of the males 
very long, strong, and pointed, but this is not the case ii 



the 



In this tribe are the Gibbons, the Chimpanzee, the Orang- 
outang, and the Giorilla. The Gibbons form the genus Hylo- 
hates, and they belong to Asia, India, and the Indian Archi- 
pelago. The anterior hnibs in these monkeys are extremely 
long, and the hands nearly or quite touch the ground when 
the animal stands erect. The Orang-outang {Simia) has no 
cheek-pouches, and the hips are covered with hair. The arms 
are of excessive length, and the hind-legs very short. When 
young, the head of the Orang-outang is not very different from 
that of a child, but^ as the animal grows, the bones of the face 
gradually lengthen, while the skull remains much about the 
same; great bony ridges are developed for the attachment of 
the muscles whicli act upoa the jaws ; the incisors project ; 
the canine teeth of the males become long and pointed, till 
ultimately the muzzle becomes as pronounced and well marked 
as in tlie Carnivorous animals (Fig, 160, A). The best-known 




A, Skull of die Orang'onlaog; B, Skull oft Eorapcai 



Species of Orang is the Simia Satyr-us, which inhabits Suma- 
tra, Borneo, and the other larger islands of the Indian Archi- 
pelago; but there are probably other species or varieties. 
The Chimpanzee and Gorilla both belong to Africa, and form 
the genus Troglodytes. The Chimpanzee is a native of West- 
ern Africa, and has the arms much shorter proportionately 
than in the Gibbons and Orangs, Still they are much longer 
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tiian tlio hind-limbs, and reach below the hnecs. The hands 
are naked to tbe wrist, and the face is also naked and much 
wrinkled. The Gorilla is in most respects like the Chimpan- 
zee, but is much larger, attaining a height of fully five feet. 
It is a native of Lower Guinea and Equatorial Africa, and is 
enormonsly strong and very ferocious. It is now generally 
looked upon as the highest of the Anthropoid Apes. 

OitDEE XIV. BiitiNA (Lat. bis, twice ; manus, hand). — 
In this order stands Man alone, and little, therefore, needs to 
be said on this head. Man is distinguished zoologically from 
all other Mammals by his habitually erect posture and pro- 
gression upon two legs. The lower limbs are exclusively de- 
voted to progression and to supporting the weight of the body. 
The fore-limbs are shorter than the legs, and have nothing to 
do with progression. The thumb can be opposed to the other 
ilngera, and the hands are therefore prehensile. The fingers 
and toes are furnished with nails ; but the innermost digit of 
the foot (the great-toe) is not capable of being opposed to the 
other toes, so that the foot is useless as a grasping organ. 
The foot is broad and plantigrade, the whole solo being a[> 
plied to the ground in walking. 

The teeth are thirty-two in number, and they form a nearly 
even and miinterrupted series, without any gap or interval. 
The dental formula is : 

3—3 1—1 2—2' 3—3 

The brain is more largely developed, and more richly furnished 
with large and deep foldings or convolutions, than is the case 
in any other Mammal. Lastly, Man is the only terrestrial 
Mammal in which the body is not furnished with a general 
covering of hair. 

Tlie purely anatomical distinctions between Man and the 
other Mammals are thus seen to be not very- striking, and of 
themselves they would hardly entitle Man to the position of 
more than a distinct order in the class Mammalia. When, 
however, we take into account the vast and unsurmoun table 
mental differences, both intellectual and moral, between Man 
and the highest of the brutes, and when we reflect that this 
mental difference must have some physical correspondence, 
it becomes a question whether the group JBvmana should 
not have the value of a distinct sub-ldngdom, while there 
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can be little hesitation in giving Man at least a class to 
himself. 

In the wonls of Dr, Pritchard, " the sentiments, feelings, 
sympathies, internal consciousness, and mind, and the habi- 
tudes of mind and action thence resulting, are the real and 
essential characteristics of humanity." 
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. abdo, I oohmbT), The posterior ravitr of the body, coirtaning tho intea- 

hers of the vlaceni. In many Invcrlebrales there ia no aeparfltton of the body- 

liorai and abdnoien, uid It la only Id the higher Atmidaaa Ibat a dls^et ub- 

tre wUd to exist. 

t. dbtrro, I wander awsy). Departing from the rcgolat type. 

it. ob, from; JujTTtto^ a role). Irregular; deviating iroin the urdlnary atAnd- 

. The (borth csvlty of the complei at 

haU, he&d), 
IciBiKi. (Or. oto*^ B mite). A dlyialon of the Araclmlda, comprishiB tl 
cryatala) grow taifcer, by th~ --**■"— -^ " — ^ „,_-i„i,„ *_,*. *k, , 



iOTiHosoHi (Br. OjWfn, a ray; *omo, body). Employ 
snr .JnftoaiDdn, whether thlB bo ^mple (as hi the ei 
mOldB (« In moot oonlt). 



, That division of the O 

. . _ bring together). The muscles which bring togother thevBlvel 

the sliell of Hie Bivalve mollHBtB are known as the " addnetori" 

IL (Gr. a^, air). living in the air ; enjoying the po^er of flight. 

jLiCES <Lat. atnbtitacrum, a place fbr walking). The pertbrafed spaces or " avennes ' 
the Bhell of tho EcKmoidea^ toroogh which are protruded the locomotire tnbe-ttet 

rABOuo (Gr- Ej, without; jneiabOU^ diange). Applied to those Insecta wiilob do nol 

"""""" ""' '■"■" """ — 1 _*-i.^ J. _ .^ therefore, paaa throogh Any well' 



■arkod metamorph* 

"i(p - 

dijmget 



(Or. am^Jos, ctaigine). A apedcs of Ehlzopwl, so called ftom the m 
^B ofjbnn which it underpjes. 

-. ----. ,, ..^ ...e Tirtebraf^ comprifiim 

h have alwayA gills ^*hen yount:, bat always derek 

~.j a —nvof them, Iherelbre, live indiftrenl'" "" '»"'' "''" ™"' 

xiDS (Gr, ampM. at 

gr. atttphi^ at bo 
e reproductive 

la {Or. anwti, ai hoth ends; eami, sharp). The Laneelet, a • 

&lone consntnbee the ord« Phieryngofir'ttnchii- 

<A (Or. om^i and podit, feet). An order of tho CiiatlaiMt, 



t. tmaAi, and podit, fei. .. 

ISet we dbected Ibrwnd and aome 

■ " ■' ■ rhIBhiiertbrm tlis Bsmeiunctinn, 

onBrofcJoInt: codes, liet). The divirion of ^flntifoss ar 

.. , tlcnlated oppendagsA. 

GalBrised form of AimvlnAi, Lat ammiba, a ring). The Ktoged worm 

jb-kingdom comprising tl 



to and the Seoie^da. 
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AKNiiLoe* (Lat aimtiliui, a rinB). The nnb-kiisdom pomprislng tho AnarOiriipeida and 
Bis Art/irapoda or Artivaiata, in uU of wliltli tlie body is more or lises oMcotlr com- 

AHOWOrKwrau. (Gr. atuflua, irregular; ftfoMfl, tootJi). An extinut ordur of reirtll^B, aallf>d 

1^ UniloT I>ieifiu>dtiiitia. 
AiromilA (Or. obobw^ irreeoUr; DMro, toil). A trit« of Deeapod CrastoocuDS, of wLLdi 

tbe Hermit^nba are the ^po. 
AsOTLUEi (Gr. ii«>pi(Mi unarmed; ouro, WL), An order of apterous Ijibcois. 
Ahouba at AifiJsAfGr. awttbont; aura. bill;. An order of ^ImjjMWu comprising Uw 

Frogs and Toadi, in wlJeli "' ■ — ■- ■ -•■—'- -• - '-■■ 
*iTBH»« (Lat OHluina, a yi 

)cirltf or the ArtieiU<ita, 

xj>Ai^io«.lDcoii9picuoD3; pteroa, B wing). An order of insects^ co 

"wLfliout; latplaceR/i 

tuto of a plucentA (see 1 
. ..-, ...tliont; pUnm^avnug)- 
aqtta, water). InhabitlDg wi 
— — iKi,wBler;/ero, Icair 

am*, a epWer). A olaj 

'iHl^ a spider). The oMcr of Arochni^^ couipris^og 



. Applied ta tho amaDer pair of auteDoiD in tho 
4j4THBOFOD> {Gr. on^rojJOf, munj eldos, form). AppQed Co tlioso moukcya nbich make 

\PHiBlPTBBA jj^r. ■ ^^ ™' 

prifiiDff tJie Fiuaa. 
1 /(. 14.1 — .. T.i _T . 1.,\ 1 — i.,i <- *i—i Mammals in wLlch 



xiCSBiiLiGr. (i,wlflioiit; Lat.p;oBenta,a«Bke). Applied lo thos 

tJie youDEf iB deadtute of a placenta (aei ^aeento). 

IBEODS (Gr. o, without; pter<m, a wmg). Deatitut« of wings. 
Ai^UATH] (lAt, aqtta, water). InhabitlDg water. 
Iftuiraaous (iM. agna, water; fero, I cairy). Applied to the water-carrying 

of tha BpoDgea. 
&£ACHHiDA \ytt. ara^^bus^ a apLder)- A class of Articutata, compii^ug apidei 



(Gr. oraSnioi, anoiant; pteria^ a wing). A fbsali bird, which alone i 



AncH^P™nTX(Gr. 

Htituiea tlie order i 

AnENACEons. Sandy, or composed of grains of sand- 

Abtbhofoda <0r. orUnw. a joMt; pooet, feet). The division of Anmiima. in irbleh ths 

body is furDislied with Jointed appeiMtogeB. 
Abtiodlata (lalL arUeaaia, diminndve of artvt, a joint). Sometimes used in the same 

Muee aa the term Artltnipoda. 
Aktiodaottia <Gr. orttoi even ; daiMos, a flnget or toe). A division of the hooffed 

qoadrupads (tflioti&rto)ln which each foM has an even number of toea (two or (bur). 
AacmKiIIiA (6t. oafot, a bag or a leather bottle ; eidos, form). Bometlmea employed to 

designate the Tanitofa, an order of the lower jWoSusoa, &oni the reaembladce of the 

body to many cases to a two-necked jar. 
Asexual. Applied to raodfs of reproduction In which tho seies are not conierned (e. g., 

gemmation and flesioD). 
AsTEE0iDti<Gr.iM(6J-,ast3r; and ««*w, form). An order of ilAinodeiwHito, comprising 

the Stflr-flshea, charactaitod by Iheh^ rayed ftorm. 
AeKaiATODS(Gr. o, without; 9(OTn<i.moufli). Mot possessing- a month. 
Athdh {lit. a haH). Applied (o the large ehamier or "cloaca" into which the mtestlno 

opens in tiie Tu/nicaai. 
AtTKioLB (Lat OHHOM^a, a little ear). Applied to the cavity of the heart which drives the 

blood into the ventricK 
Ayib (Lat Olid, a bhd). The class of the Birds. 

Balabcebs. The tnobbed filamenls which represent the posterior pab of wln^ in T)ip- 

Balaktp* (Gr. bala»oe. an acom)! A amlly of (Xrrtpedia, commonly spoken of as 

-Aoom-ahelis." 
Balefk (lat Safemo, a whale). The homy p^tes which are placed ui Hie upper BnrSice 

of the mouth of the trne or " whalebone" Wh^CB. 
Baibaohia (Gir. laOve/un). a troe)- Generally applied loosely to i 

bni sometimes nsed 10 designate either the eutirs doss of the A 

Older of Oia ^uoura. 
BiEiD. Cleft into two parts ; (Oi^ed. 

BiMAiix(iat&ijitwloo: BioniM, hand). Theorderof jroHHno^fnorniatitntedbyManBlono. 
BiYALVE (Lflt. Wa twice ; wt^pje, fbidli^-doors). Composed of two plates or valves : ap- 

pUed to the shell of tho ZoJnelW^raneMafa and Bradtiopoda, and to the carapace of 

c«iMn (!ni9tac6a. 
BiiSTOTnEA (Gr. Hastos, a hnd ; eaiiaj, tbrm). An oiUtict order of EeAinodei'niata, often 

called Pmh-emita. 
BKAomoPOOA (Gr. SrocAiiM. the arm ; podta. foot). A class of the lower Mnllvv, ofl™ 

called " Lamp .shells^" characterbEed by having two fleshy ciliated "amis^attadied to the 

sides of the roooth. 
BBACHYtiKA (Gr. iiraclaa, ehort; omto, tail). A tribe of Decapod Cnistacama with short 
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Ceact. Overlapplns appendnsca or plaU'i which proleel the pnlypites in many of 

llsAKcaii (Gr. hraeoMa, the ^^ of n flab). A rospimtorj organ aaaptril far brealtini 
dieaolTed In wator. 

E^o^cui (GT' brogohojf, Iho winilpTpa), Tha branches of Mm ivjadp^o (IracLpo) by v] 



ts the MaDimsniin order 



Mussels) Dttwb UiemadTOS in foreign objects. 



(LbL oodHfflB, Mine off: Gr. ftroocMa, rills). AppUod to thoao Am- 
, .-... _ni, ..ii ,.m !,.«. : — .,.. , Bhef (e. s- Mewta ana Fro^s). 



phlblina In vUch the ^la M oS bafore matarity ■- 
C*c*i, cut ««««, Mlndl Tflrmin«tin|tWiBdlr,oiln 
C-foiTji (Lat. awus). A tnbe wUcQi ends la s band extreniTlT. 
Calcaoeoitb (IaL eo&p, Ume). Oompoaed of caibraate of Bmo. 
" , Tbe Utlb onp In wiich the polype o' " OKiil-prodadng Zoophyte (iietf I 



loesss^S bell-shapod 



(Or. Xidl'fiia. acnp; ph&v,Icaityy. An order of the Oannic Jfl/divsOJI, 
sueu inRu tkelF Mssss^s bell-shtipod enimmuig'orgsDs. 
(T^t. Acup). Applied to Che cnp-flbaped body of the Uell-anlmaleule l_V&riJceIia) or 

BOLjUiiDi (Lnt eonwlomMto, a bell). A eronp of Hermlarian Zoopbylee. 
B(Lnt.c<inJ9.ado)t). The eye-tooth in tbe Jaiv of Mamioais ; so called because it is 
BoutoriT wen develliied In Doga and oOiir mrnlvmmns snlmala. 
ACE. A pnttecdve shield. Applied to 
jr CrDStnesans; sad to He upper half r 

0, 1 deyom). An order of fho ManimaUa, 
vard; rHnf^, nostrils). A ^roop of the Monteys (Quad' 



which the honi cous 

Cestbcu (Gr. iMitivB, t 

The central nortton or _ 
Cei'EIalic (Gr, kep/ude, the head). Connected with tlie bead. 
CEPHALOPonA{Gr.*efAu^beBd;j)ni(«9,fcet). A doss of Jfoifiifliin coraprisuig the Cnttle- 

fiahes and their aUtcfl. In which thete la a series of arms nu^ed lonnd the head. 
CBP1IA1D.THOBAX (Gt. iephale, heidj Uomx, chest). The anterior division of the body 

in many Omfuofa nbd Ara/Amida, compwad of tho amnlgiiniaietl segmenU of tiie head 

CsnEBHAL. Coaneetod -with the brain, or hi a restricted sense with the *'eerebnufl." 

Ubrbbbok. Sonietlaiea emplovod hi jt general way to designate the entire brahi ; but prop. 
aty reatrictod to the " hemispheres'' of the brain, whlcb are believed to bo eoneeraed 
mdnly with the dlschargB of Uie monhilflinctlona. 

Ceutumj. (JM. emiti, tho neck). Belonohuc ta the neck. 

Cetaoba (Gr. *fAw, a whale). An orderoftbeJftmOTuifo. 

Ch^ioosatha (Gr. aftaWa, a bristle ; gnatiog, the Jaw). A chias of tlio Aaortltropoda. 

CnnmoraHBA (Gr.cftf(r, hand; ptfTon. wing). An order of Jfanimu'f". 

Cnnu; (9r. ofteft. daw). The prohen«Io olaws with which certain of the limbs are termi- 
nated hi many of the Onuirinea (aniA aa Lobirten, Crabs, etc). 

CnELoHiA (Or, lAflnnau toriidse). An order of KeiiUles. 

Cmnsi (Gr. cWton, a cost). A peonllar ehandca] prindple alBed to bom, which Is tonnd in 
lheonterBOTeringofniBnrofths/»m!r<85raiu,eaiieaallyhi Artkropoda (Insects, Scor- 
pions, CniirtacesBa. ett.). 

CaLDsoraYU, <Qr, eHeret, CKen : pliyllfm.lffa.{\ Tho green coloring-matter of leaves. 

('.iiKYBAUs (Or. aSjTHOg, gold). The motionless pupa of IlnttertUes and Motha, so called 
befnnse often eirhlblttns a golden Instra. 

Crrvi.B(Qr.cftirf(w,]idce). The milky flnid whlohla the result of (he acBoD of the various 
dilative fluids upon the ibod. 

CiiTLmo (Gr.flAMfo*, juice; lut/acfo, Ima^e). Applied to one of the stomachs, when 
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824 GLOSSARY. 

Cn-iA (Lat. dUuin, on oyclnHh). Microscopic, Mr-llko fllsmcnta, whicli have tho Dower of 
laamng traukward and forward, thus creating currents In Uio tiDrruuudin^ ^nid, or sub- 
Borvme locontotion In the animoJ whicb posaesaea tbeni. 

CiKRui {Lai, cim^ a cutJ)- Toudril^kc appcDdogea, anch as tJic feet of Bamaclcs and 
Afvtm-shella (Oirriped^a), tJie latenl proceases on the arms o( firitcMopatts, etc. 

ik (Lat. drrue, a curl ; pea, a fool). A division of the Oiuitaeea with curled 

,A (Gr. i&Htot, a branch ; keraf, a horn). Ad order of C'nataeea with branehei 

Clavicle (Ijit cioutmilo, a Uttle te;). The collar-bone of Uie pectoral or soapular 

Cloaca (Lat. a dnk). The common eavlt; In which open the inteathinl canal and the ducts 

ofthc^eacratlTeaiid niino^ organs, in nuui^ iDyeilfibratcs, and some Vertebrates. 
Cinns (Ch-. inMA ft nettle). The nrttoatlng: cells (''tlu^ad-cells"), whereby many of the 

Oaimterata Dbl^n their power of sttnghig, 
CooooH (S^. eoam, the ODCoon of Ous silk-worm). The enter covering of aflk; hairs with 

which the pupa or ohryaaUa of mu^ Insects Is protected. 
CamMnAVt. (Or. i»(&w,1ionow; animHt,t]ie bowel). The Bub-khigdom which Inchdes 

the Hydroitoa anA Act^neeoOf th« most typical members of Cuvier^e divi^on of the 

Sadiata. 
" ao (Gr. koinoe, common; ear^ flesh). The common organized medium or 

by wddch the s^arate zooids of a compoiind Bydrinodn op ActinotoSn are united 



"■ -Jr.*. 

n (lat aMBiba. a dove). The su 



CoLEOFTBBA (Or. tdfHH. a shcath; pleron. a whig). The order o 
.„i..-i. *i. ._..^ : — .^ iiidened^ ani form prota.'five sheal 



doreg and pigeons. 

1 [(Or, ioBduii:.. . 

to another. AppUed i 



(Or, ioBduiOJ, a koBckle). Tho snrBioe by which" one bone la iointod 
u.._ I — „.A i.ii.. ., thoortlcular BurllieOB by which the head 



as (Lat. coTtTt^ a cone ; rostrmti, a beak). The divl^n of pdrchlng bhds with 

CoPWODi rar. top*, an oar; podes, fest). An orfer of Onatncwt. 
OOBAOOm ^tr. korax, a crow ; eidoA. form). One of the bones which fbitn the scapular 
arch In Birds, Beptti^ and Monotremala. In the miyority of Monunalia it ie a mere 

bcmee lie name. 
COEALLnu <lAt. fbr red coral). The hard structnrea deposited In or by the tissues of any 

--^dfnoco^ cotamotjly caUad a^^cor^.'^ 
GOAALLiTB. The entire coral of a eimple Aetinfuoda, or the portion of a compound coral 

which bebnga to and ie secreted by a Mngle polype. 
Conns OAUiOSDM (Lat. the "- ftrm body.'') The great band of nervous matter which unites 

flu two hemle^ei«g of the bmln in Che MmanaUa. 
CoBPUBODLlTHD (Lat. corpatouluoi, a litUa body or particle). AppUed to Quids which, liko 

Uie blood, contain floating aoHdpartlolea a ^oorpnsdes." 
ConTTOAi LAiBa <Idt^ eortta/tetia. The Icyer of eonalstent careode which encloses tho 

cenlnl ^abdoadnal eavi^" In the JfUW>rii^ and Is covered hy the ^^ cuticle." 
OOBiHTOA (Or. torMBi s doM. An onler of Hydpold Zoophytts. 
CoBTAi(Lat. c<wto,inb). Connected with the ribs. 
CRAsraM (Qr, fovmioa. Oia stuO). The bony or cartJIaglnous case ia which the bran Is 

centAlnod, 
CuABPEnA (Gr. iiratipedoa, a marghi or fringe). The long convohited corda. coniaining 

thread-cells, which arc attached to the ft«e mai^s of the mcHenterios in a Soa- 

CEEPTTSctTLAE (Lat crepiisculum, dusk). Applied to animals which aro active In the dnsk 

or twilight 
CniHonMA {Qr.&riaas,a^]y:eidoi.1omi). AnorderofSjftsnotiejvnato.comprlahigfbrais 

which are usnslly stalked, and Bometlmea resemble hKes in shape. 
CaoeODiLiA (Or. *™io(MIo«, the crocoiile). An order of KepHles. 
Chop. A partial dilatation of the gullet, technically called " InglavioB." Bomethnes It has 

the Ibrm trfa membranous bog appended to the gullet. 
Ckustaoba (Idt Bnis(ii,a cnut). A dase of Articubtc animals, comprising Ctabs, Lobetsrs, 

etc, dunctsrind by having a bard shell or cmst, whiiA they cast periudlc^y. 
OnsoiD (Or. tteia, a comb ; etdm, form). AppHed to those scales of fishes the hhider 

ma^hia of which an frh^ed with spines or cut hito comh-Hke pniiactic"- 
CmNOFiionA (flr. Jttei«, a comb: j^Affw, I carry). Ao oi^e- -" '■ -" 

oceanic creatures which swim by means of "ctenopbores,'" i 
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CimcLB (Ijit. cuti&tda, dbnimitivo of etU^ &kin>. The traogparcnt pcliiuio ^hicli formfl 
tho outer layer of the body in InJHsoria. The oulermOBt layer of the integamwt 

CicLom (Gr. twHw, a olrole; eidoa, form). AppHed to those acnlSB of flslioB wliicli luiTe 

a rB^larlr cbvulBr or elUptlea] autUne^ 
Cystic (Gt, fewtis, a bladder]. Applied to tlio embijonto fomia of the Tape-wonna, which 

«ere ortgtnally deaciibed as a distinct order of Porositie Worms Iindor tho name of 

Cyiiiea, or "Bladder-n-onns," 
CvSTOiDEAtOr- it«j<i«,»bladder; eiCoa, flam). AjieitiDalorieiofEaMtwdsrmata. 

Decapoda (Gr. def:ih teu ; podes, foot). The division oT Cmalaeea >vith ten tens adapted 

fbr walfciDS (e. g^ Crabs and Lobsters). Also, the ttaHy of CntUe-fiahes {CephalBpoila) 

In which the month Is surrounded by ton m-oceases or " arma.^ 
I>romuoi:ia <I^ deoiaB, 1 1^ off). Applied to parts which M off or are ahed dnrini: the 

me of the animaL 
DniNOfiAUBiA (Gr. deliu>e, terrible ; ^utyf. a lizard). An estinct order of E«ptlles. 
Dental (Lat dmi, a tooth). Connected with the teeth. 
]>BNTJBOBTBEB (Lst. deog, h-toolh; roairvwi, beak). The diviBion of the Perching Birds in 

wbicb the npper meadlble of the bill has Its lower margin toothed. 
I>iAPHBASH (Gi. diaptragma, aoartltlan). The "mldriS:" or tlio mnscle which in jVain- 

«- ^. .v._^^.,.t, .i.„ji,^tbBtOftheB" 

_.., . ......ia ■■■- - 

. — , — ,., _ which only tw 

Dibit (Lat OiaHut, ■ f " ' " 



DisinaEAIU (lot. di^ia, a flnger ; gradior, I walk). The dlvisioi] of OimiTora in 

which the animal walks npon the dps of the toes. 
Dipnoi (Gr. dia, twice; paoi, breath). The order of flshea reprcBcnted by the Zeptdo- 

DiPTEKA (Gr. dig, twice ; vUron, a whig). Ao order of Insects eharacterlMd by the poa- 

aession of two wrnw only. 
DiaooPHORA (Gr. distoa, a quoit or round plate ; pTtero, I corrr). Tho Sfed-usa or Jelly- 

nshcs, BO called from Ihdr ihrm. Aleo, the order of tho Leechea (mrudinea), from the 

Huctorial disks which they posseas. 
DiaTAL. Applied to the qoiekly-growlng end of tho bydrosoma of a Hydrozmn; also to 

the end era hmb or ofany portion of a limb, oiliest removed from the trunk. 
DnraNAi (lal. diumue, Aaiij, by day). AppHed lo animals which Mo active during the 

DoaaAL (Lat. doi-sum, the back). Connected with tho region of the back. 

Ecmsoii!B>i*TA(Qr.eo/i!nfl9, abodgehog; dcimo, skin). A dasa of aniniala compridng 
the Sea-nrchina, Btjir-fishea, and olbera, most of which liave spiny Bkine, 

£cmN0ii>KA (Gr, eciiiniie, a bedEchog; eidoe, Ibrm). An order of Ec^iinoderfitata^ com' 
prising the Sea.urchlns. 

■^— OYCTiGr. iito9,out^e; iM*«8, a bladder). Theeitemal InvesUnentot thopolyphlB 



ofa™j«o»n. 
EoiDOEGU (Gr. atls«^ ont^e; dernia, skin). The external integumentwy layer of the 

Sdentai^a (Lat. #, without: dent, tooth). An order of Maf/tTrutHn in which some or oil 

of the teeth are wantiDg. Often caUed Bs^ta. 
Elabhobkanohh {Gr. elasvuh a thin plate ; Imtgdiia, gill). An order of Dshea. bicluding 

the Sharks and liayB. 
Elitba (Gr, e^HifOB, a sheath). The hard cbitinous anterior pair of ninga hi the Beallea, 

which fbim protectivo cases beneath which the posterior membranous i^in^ can be 

Sbboctbt (Gr. etwf™, within; £iis(is, a bag), Tho inner membrane of the polyplde of a 
■, eitdfUi, within ; der^na, akin). The Inner inb^nmentary layer of tbe Cff- 

ithin: skeUtoii, dry). The hitcraa! hard structurea. such as 
Bi. .= ™. ..ui attachment of muscles or the protection of organs, and which 
f produced by n hardening of the inteirument. 

Literally "Shelled Inaecta;" ap- 

- ^"oa^-i^Ji^ ''"'* "" paraelHcelly hi the Interior 

EaTTTLiTEIiil {Lat (ITOHft eoual; tiOus, sMe), Haying its sides cqnaL Usually applied 

10 the shells ot&aBi'aehinpoda. 
EmnvALVB (Iflt (CJWJA equal; ootoie, (bMing-deors), AppKod to ahels which, like tjioae 

ofmoatoftheZ^TB^^^rYEViMii/M are composed of two equal pieces or valves, 
Eerantta (Lat. erro, I wander). An order of Annetida, comprising fbims which are 
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EcatfiTT^TtiDA (Or. fiHrws, broad ; jrf^ivHi, wine). A pmnp of csHnct Olt^acca. 
EioBKELKTON (Gt, (aw, outalde ; Ikeletot, dry). Under this torm arc comprisi^d an atnict- 
tirea wblcii ars produced by a hardenm^ of the mtcgument. 

FRtflTE. Tlie tJdrfh-bfflje, Ijiterrcidiig bf twcon the pdvia and llie booca of the leit proper 

(liWa anajfSiito). 
FlBi-LA (Lit. a brooch). Tho onlermost of Uie two bones of ihe leg in the higher Ver- 

Fission {laLfndti, I cksTe). Multiplication by means of a proceas of self-diTislon, 
FiBsiflosTBra (Lflt jfswM, cleft ; rostrmn, beak). A sub-order of the perching birds. In 

which tJie beak can be opened to a great width, 
Flioellch (Lot. a wUp), Tbe nhip-liXc sppoDdages of cert^n Infuwi-ia, IhcDce called 

Foot. The mnacnlar orgnn flereloped on the under aurthco of the iiody in the higher Xol- 

lutea^ and snbacrvliig locomotioo. 
FooT-JAWO- The limbs of CrMata<xa^ which arc bo modified as to subserre maBtication. 
FuoT-nrBERCLEa. The nnioiuted lat^^ appendages of the Anne^^it, which subserve loco* 

■■ '•— 'carry). 



£BA (Lat. A>ram*n, an aperture ; fero, I earr 
:rl2ed by taitYlijg a diell perlbrated by niuni 
le peendniodla «re emitted. 



cbaracterlJed b] 

which the paeuc, 

^BiTOiTOEoua (IdL^frw^ Ihilt; votd, 1 devour). living upon ihiile. 

Tossn.. The stomaidi-aBB of the CiamBtus'a: the muscular tube of we L>uiut>-uisutio uy 

which the waler filing the nuotle-ca-glty ia ijected. 
FUB0U1.CII (lat. dlmtnutiva of yiirca, albrk). The V-ehaped bone or"iiieny-thonBht''of 

UrdB fbrmed by the milled daylelea. 

ithe order of the Rasorial Mrds, 



Galusacei (Lat galUna. i Ibnl). Often applied to Uie cnth 

bat properly reatdcted to tliat eecCion 01^ the Sauirt^ of wiiicb the . . 

typical enample. 
QiBOLios {dr. gagglitm, a knot). A mass of nervons matter contahihiE 

^vlng oiigln to nerve-fibres- 
Ga»oed (Gr. ganoa, splendor; Ki/Iflu fcrnil. AnnlJAl tn thnij* bp^\m m f 

composed of bone, v/VAi on 
GiBOioKi. An order of flshea now mostly ei 
GxarEKOtonA ^Gr. gosfer, hetiy ; pod^ teetl. 

ordinary uniTalvea hi which Tocomotion is nsmujy elTectea by ereeping about on a Uat- 

Gbmm &TIOH (Lai geimaa, a bud). The production of ftezb stmctui^s by a process of 

Gkphikea (Gf. g^hwa, a bridge). A clues of tho Ana^ihropoda. 
GizzAED. A mnacular division of the stomacTi in insects, biids, etc. 

GoKOPHOKE (Or. goiute, offiinlne ; phero, I bear). The geneialive buds or receptacles of 
the reproductive elements la the Ilpdronm, whether these become detJiched or not. 

" w, ofiSpring: iiHJia, body). Applied collectively to the asBombhge of 
buds o? any ^- 






Cesllit'obes (Lat. oraKie, atflts)." The order of the wadhig biida, 
GKABivoBons(Latffr3BMm,agraiBoreeed; w>™. I devour). Lining upon gi^na or other 



X. i/regaHm. oceurrii^? In numbers together). A dass of the Frotoma. 



SEiPToinroji (Gr. (jri^io, I write; JaAos, atone). An extinct sub-class of the ffjicfmaoa. 
jRWUBiBiDi; (lit. gr/garim. oceurrii^? In numb — '--"'i— > ' -i-"" "' "■- p™i~~." 
SuLLBT. The tube whiuh leads ftom the throat to 

FTjw .f. (Gr. haima, blood). Conneoled with the blood-TeMels, or with the 

[lAu.tri'(Lat. hK»h the thumb or great-toe). Tho innermost of the flte dlgila whhi nor- 
mally compose the Mnd fhot of a Vertebrate animal. Tie great-toe of man. 

5BCT0<!OTTLCB(Gr.a6tofort, a hundred: feXWos, a cup). Onoof the "arms" of the mala 
cutUc-fishes. metamorphosed tar reproductive puiposes. 

ffEHELirrBi (Gr. hemi. half; (tofrnn. a sheath). The wing of certito taseeta (ffemiptera). 
in which the Inner portion of the wing la hardened by chitino, and resembles the elytron 

IfEMiMBTAHOLtc (Gr, Ttemi^ half; mitabote, ch»ige). Applied to those insect? whieh imder- 
go an incomplete metamorphosie. 

SBHirTEHA (Gr. ?i&m, half; pteroi^, wing). An order of Insects, so called bocauee the an- 
terior wings are somedoies in the fi>rmof "heraelytra.^' 

ElEttMApnttODrrB (Or. ifermes, Mercury; ^j>ftrodfl^ Venus). Possesi^g the organs of 
both aeiea uomWncd. 

Hbteeocebcai. (Gr. heta-oa, diverse; ICei^m, lidl). AppUed to the tail of fishes when it is 
unequally lobed. 
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IlGTBBoaENEona (Or, heter/^ diverse; genos, kEud). Unlike or dlBBlmilor In kind^ 
HBTBROMompmo (Gr. hOn-ot, dlvena; morj**, ahapt). DifToring in form or elispe. 
KcaaogOBXlQr, helenig, Hvaaei podtg, bet), AnoMerofGaateropodiiuaMallnaks. 
IIu.nii(I^AiIii«LaHUetUng> A unaU apertun or depreision. 
HiEnicnu. (Ijrt. Aimtft^ » hontpteMti). Tha order of ^muIMs comprielDg Uie Lecoheii. 
HouKHFBUi (Or. Adieu, whole; iM^ftilJe. head). A eab-ocOac ot tbe Elamiol>ram/,ii. 
HoLOHiRiBOLio (Ell. iMM, wbols ; mflabiile, clmiige). Applied lo those loeects which 

midei^ A com'plete metamorpboeiB. 
HoLOTnuBoiDBi (Gt. AoJoWout™™). Tho order of E/Aivodsnaata. comprislnB the sea- 

BoMOdEEaiL (Qr. hamoa, eiaae ; JOrlCos, tall). Applied to the tall of flabea when Uie twn 

HoMoaEHEODH (Cr. hamas, sa.mli-, genas, Icind). Of like kind or DBtnre. 

HOHOLOeouB (Gr. homos, aame; ft^t^s^ a discourse). Applied to parls which are constructed 

upon the same fundameotal pLan. 
HououORFOOua (Gr, fijjtaos, eamo ; rtu/rp/i^ tbrm). Having a eimilar external appearanco 

a vesUJe). 
iter-Boiwitl 

Sallied to the Hydra. Often spoken of as the Hydreld zi>ophytes. 
■a ; and rftwn, root). Tho adherent base or proiiniiil oitreaii^ of 

Bjij irpdrald, 
HYPBOsoiu(Gr. An^ra; and wmo, body). The entire ori^nlsm of any HydriKo/hi. 
ICtdeotbhu. (6r. Audra: SMiie, a case). The HtUe Ehitinons cups In which the polfpll«s 

ofliia gertalaHda and Oampanalarida ara protected. 
Btheoioa (Gr.Avdni; wSr, aidml). The claes of tho Cmlmterata which comprises 

airiimlB ocHutriuited after tlu) tfpe Ottbe Mt/dra. 
HTHESOFTEBAfGr. Awwm^ ameinbmie; pf^w. a wlDg)- An order of insects (comprlshig 

Bees, An^ etc), with four membrawHis wln^ 
Htoid (Gr. e; eM<M, Bmn), A bone which supports Uic loncuo. and which derivea its 

name ftom lie icscmblaDce in man to tho letter V. 
HiBicomEi (Qr. Ktina!, a shrew; eiddt, form). An order of ifammoiia. 

ICETHTOKOBPHi(0r. ioitftw, afish; jbwji**, shape). Anordorof,dmyftiMii, compri^g 

TciTTHTOPHTHiaA (Gr. icfUfvoi, a flgh; vhGnir, a busc)- An order of Crastawa. 
IoHTHTOp&H>A (Gt- ich^^is, flsh ; opiiSy appeaiflnce). Tho primary divl^on of the Ytrtt- 

brata, whlohincludea the twoclaBBoBofthe Amphibia nai Pitee). 
IcuTHTOPTBavOLA (Gr. ichUirUe, a fish; pt^nut, awing). An extinct oMer of Reiitileg. 
lcnTarosAtiBii(Gr. ieiilus, a flah; khmm, a IliBrd). An eilinct order of Keptifcs. 

10 (Lat an Image or apparition). The perfect insect, after it has passed through all lie 






ineido, I cnt), Tho cuttbig teeth fixed in the Bont uf the upper Jaw. aud U 

EQUiLaiBBAL Havhi5thetwoe(deBaDeqBai,a8ls the case with the shell of the ordinal 

bivalves {LamtllibraruiMata). 
BQUiTALvn. Oomposed of two nnequal pieces or valves ; as is the case \vith the shells c 

the Brachiopo^a. 
-irsoHlA (Lat it^fasam. an bithalon). A class of Proiocon, eo called fVom their fteqnei 

Tho class of Articulate animals commonly known ] 






voBA (Lat instctiua. an hisect ; mwo, I devour). An order of ifammalia, 
vOEOtJs. Living upon insects. 

to walk inl. The rows of 



TiissoBCBPnow (lat. inhu, within; ^uoi^io, I lake up). Tie act of taking fhrrign m 
ter into a Uvln^ bcing- 
TEETKBBiTi (Lat in, Without; i!erUbra, a bone of the back) Animals withont a aphud 

8OP0DS (Gr. iscw, eqnsi; podea, ftet). An order of CnntaJKO, in whieb the feet are equal 
and Uke one another. 

l^Bins (Lai for lip). E«tricted to the lower Up of Articulate animals. 
^ABUuM (lAt for Up). Kestricfed to the upper lip in Artienlatc animals. 
-.ABTEiNTHODOSTiA (Or. iuftui-JHttos, « tbyriuth; odoat, a tooth). An axfinet order of 

Amphibia. 
JAOEKTiLiA (Lat iiicerta. a Uzard), An order of RepUlia, comprieing the Uzards and 
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LiKHODipODA (Qi. laimoa, ihrott; die, twice; podee, teat). An onlet of CnistM 

two logA nnder the thnmt- 
t.. M»i.¥.i n» 1 »nTTT /L-ri (Lat. lamella, a pbte; Gr. ifageliia, ^il), Tho cIbiSB of M 

«HuprldDg the oldmH? Hvb1v«« with kaf-Jike gillSr 
Labta {Ijit s mask). Ths Insect In Its Brat etage after its cmcrgcni* from tiie «( 



11 Is nmisllf Tory different troat (he adult. 

iiCPmoFiKBA (Gr. iejifs, * Male; pteron, a 

Butterflies and Metba, charact^lzed by i 

LoHOii <Lat Unifua, tonpie). Conneeted wiUi 



(Or. Jepis, * ecale; pterrm, a, ning). The order of Insecl 

butterflies and Metha, eharact^lzed by having Ibur nings nsually c< 



LoHOii <Lat Mnmwi, tonpie). Conneeted wilh the tongue. 
LneBBHiBiBi (Let (ueemo, a lamp). An oidor of iho Ilydroioa. 
LuHBAB(LAt fum^vSf a loin). Connected with the lobia. 



1 (Or. mofcros, long; ii!M-u,iMl). A tribe of Decapod Cfwslaceans vKii longliuls 
the LobHter, Shrimp, elc). 

IBIFOBM. PorlOraled bj small holes hfce a coral (or madrfjutre); applied to the 
y tuberele by which the waler-vflscohir ayalem of BcMnoderma mostly eommunl- 

EEMiTi (Qr. mniofcw. soft ; flemia. stln). Applied toagronpoftho.dirfinOMii, 

isipg the fioft^sklmied be^^nemones. 

IDA (Or. malioi, B fleece; ^utgo, I eat). An otdet of Inseeta, compridng the 

BW-Uoe. 
Uaiuulu. (Lat. mamnut, thebreaal). Theclsaa of Tertebrale animals which snckle their 

MAsmBM (LaL DKMkMSMltim, a.law). The upper p^r ofjawe in Jnaects ; one of the pidts 

of jBwa in Ciitsiacea and Spliiers ; the beak of OeplUiiopoda ; the lower jaw of Verte- 

6rate anlniala. 
JUahtlk. The external inlegTmient of most of the MoUutca, which Is lareely developed 

and Ibnns a cloak for Uie Internal oi^ans. Technical^ called the ^' palHuin, ' 
lkniBiiDH(ldt.aliiiidle). Tbeceatial pi^ite which Is suspended fMm the roof of the 

^wimmiD^bellofa Jfe^ttAff or medu^tSwrn^DDophore among- the Hydr&xoa. 
MAJiaiPOBBAifO£ii(^. nia^WpWfapouch; ArajToAia, gill). An oider of Fishes comprising 

flu Hag-flsbes and I^uqir^B, wiUi ponch-Uke gUs. 
UuBimAiu (lAt. oumwlwii, B pnieh). An tader of Mummals, Id whieh the females 

•re nBnally tlindBhed wltti (m abdrantluIpoilA In which Uie young are carried. 
IT (lit okHtteo, lehew). Adapted (Iff chewing. 



■ureiroKt Besei „ -. , - 

. Uke « Mtitta. Caed as a Doun to designate the medu^lbrm generative uuua 
"""^) of fto Sydrosoa. 

ncnrisa (Lat nieW. I whik). The third eyeUd present tn Birds, etc. 
LIA(0i.n3iVB, thigh; atomo, mouth). An order of C^-usfiiisea. 
n (6t. msaw, lnlBnaediate! enfsren, intcaldne). The membrane by which the 

„ ^iBMtaehedtothswiIlB of the abdomen. In a restricted sense, Uie vertical plates 

whieh dlTUs flie sonntls cBvl^ (tf a Sea-aDeiaose Into chambers. 
lbiAoABPim(ar.nMia,sller; fcanw* the wrist). The bones which Ibrm the " mot of the 

hand," and interTeiw between the wrist and the fingers. 
HsTAWWFHOBiH (6r, fneto, denoting (4iange; tnorpTie, Ibrm). The changes of tbrm which 

certain animals nadetBO in paashig from their younger to theh- folly-grown conditloa. 
UcTATAKatrs (Gr. irtefi^ after; &frvo«, the bstep). The hones which Int^rreno between the 

instep Jltarana) and (ho dl^ta In the hind-fbot of the higher Tertehratee. 
MoLAsa (lai. mobit a D^ The "griudore" in man; or (ho teeth in Mammals which are 

not praceded by mSt-teetti. 
UoiLUBOA (Idt moilia. aolt). The snb-Ungdom which Inehides the troo Bhell-flBb, the 

iVfBfi Sie 8es-«qiilita, and the I«mp-abe]ls. 
HoLLnsooiDA (JfoUiMb& and Gr. «<£m, Siniil The lower division of 



prising I 



■n)Ayfti«wettandGr.«Wo«, flmni The lower divi , 

the Polmpa, Sea->viirtB (Imteata), mS Oie lAmp-shells (Sraoritopoaa}. 

■ ■ — ' — "^ ' BlogfeiAaIrHno& a chamber). Coneialing of only a single 

ell of iWoiatBi/W and Jfofitwoo. 




It. mofiifta, tbrm; iofloa, discourse). The science of Iheexter 

Internal gbvclurt of (ha varloiiB parts and organs of dlffereot animals. 

UclttfjILVI (Lat multiu, many ; eoiOn, tbiding-doors). Applied to shells wl 
posed of more than two pieces or valvee, 

MmiAPODA (Or, ^btvrioe. countless; pt»te, ftxit). A class of Articulate onLma 
(he CeuUpcdefl and their alUes, characterized by the possession of numerOEi 

NATATonng (Lat. nare, to swim). The order of the Swhnmlng Birds. 
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GLOSSARY. 

^■atatoev. Adaplud for swimnitug. 

^AUTiLOiD. Shaped like the a^ell of the 2fttvUlu^ 

<£CTOOALKCEa (Gr. necAo, I awlm; ^itlusD^ a cup). The axTlmmlD^'bella of &q i 

liydroeoa. 
iEMATODA or NsKAKilDU (Or. iMnui. * Ibreut ; eidBB. (bmi). Tho diTision of the 

ctOa. ccmprisiig the Thrtsd-wanus and Konnd^worms. 
(krvubes (lat nenJH* a ahiew), Tho ribs whleli Bupporl tho mombrmnroB wingi 



, a nerve). Connected with tio nanotiB gysl«ir 

,a nerve; pteron a winp). An order ol 

and have aumeioDS intemclnf 



NocTiFEHAL (Lab noB, niglit). Applied to aaiinsle vbkh are aclivo at ni, 
JJoEHAL (Lat fl«>nmz, a ruleV Coutbnnlng to the ordinairy standard. 
NoTOcuoBB (Gr. notoi, the back ; oftoriiln etring). A cellular rod wh; 



SEtTBOPTKKl (Gr. neuron, a nerve ; pleroa a win|()._ An order of Insects, In which the 

-, — -. -_ _ „,. -_ — is developed in 

_ j^ ^^ . immediately benealb tJie aplnaJ eord, and whieh i^ oMiaUy 

replaced lo the adnlt by tha Tertebial column. 
Nucleolus. Tho miauls BoUd particle fbimd in the Interior of the nneiens of some eels. 
Also, the minute holy attached to tho exterior of the " nuclens " uf ctrtBin of the 7»- 

tfucLETTS (lat a kernel). The aoHd or reaicular body fonnd in tho irtorior of mmy cells ; 

also, tbe solid rod or band-sbaped bo^ Jbtmd in Che iaterLor of many of tho ProUttum. 
tfuDiEBANcmsTA (lat^ «i«fM», naked; ft-, bragehia, gUi). An order of the SaMerajioda 

In whicb the gilla an naked. 



Odobtophobe (Or. odoos, a tooth; vli^ro, I earrj). The eo-calfcd "tongue " or maoUcafory 

apparatnfi of tbe Gaetervpoda, Pterf^podOy and Cephalopoda^ 
(EaopHaaTiB. The gullet, or the tube by which the (hod ia conveyed from the munth to the 

sLomaoh, 
Oligoohabta (Or. oUqos^ few ; ckaite^ briatlcs). An order of the AniifJida eonfpn^ng tbo 

OiiAHtni (Lat. biillook's tripe). The thh^ stomsch of £mnlnants, cammonly called the 

" paalterium.'^ 
Ohbetorocts (Lst omnia, eveiy tblng ; roro, I fleFOar), rtefling tadlBcrimlnatcly upon all 

Opehodlum (Lat. a Md). The shelly or liorny plato by which Ui* shell of a PnivalTe Mol- 
luak is closed when tlie animal has retlKd. within it ; also, the chain of dat boDes which 

OFnniia (Gr. opkU. a serpent). The older of Beptiles compiisbig tbe Snakes, 
OpmoMOBPHA (Gi. iJiJAis, a serpent; mojySe, shape). The order ofAmphiUa, eomprishig 

the CaeSim. 
OpmuBoiDEA (Or. «iMa. a serpent; imm, tall; eldoe, Ibno). An order of ZcAJncdenniT^ 

eomprisbig Ihe l^ttla-atars and Baod-elars. 
OpisiBOHBLOirs (Or. (pOHMt behlna; toOoe, holkiw). AppUed to vertelHi^ flie bodies 

of wfaldi are hdlow or mnuva beUud, and convex in front. 
OsAL (Lat oa, the month). Cmneoted with Ibo montli. 
Obthoptbba (Or, arSutt, atnlght; (Jfenwfc a wing). An order of Insects. 
OBCi;LA,(tAt. ditiibnitlve of cu, mouth). The large apertures (^oxbaluut npcriurcs") by 

a iheU ; Moi, fhrm). An order of amiU Crustaceans which are 

OnPiBous Oj«t o»«iB,8n eeg; pario, I brinjt forth). AppBed to anlnisls which bring 

fbrOi eegs. In cmitradlstbiotlon lo those which bring Ibrlh theb young alive. 
OviPosiTOB (Lat ovam, an egg; pona, I placej. The organ possessed by some inaects, by 

means of which the eggg are pfcced In a position suitable for thdr development. 
Oti^o, The etterna] bag or Hic in vliicb cettahi of the Imiert^traia (arry their eggs after 

(hey are extmJTed fktm the body- 
Ovo-virirAjfOUS (Lat, ppb™, an egg; viov* 

mals which reC^ tliob' eggs wlthbi the t 
Ovum (tat an egg). The germ pro" " 

dilioDS of being developed hito a . 



, «J»n«,alive; WW*),! bringforth). Applied lo 



EEiiATA(Gr.7i(KAus,tlilrli; dtrmn, stln). An old Mammalian order, constitated 

uvier for the reception of tho Elephant KMnoceros, Elppoiiotamue, etc 

.. Connected with the mantle or "paUlum," 

a (Lat a cloak). The '^ mantle ^^ of the Molkaoa. 

Lat palpo, I touch). ProocBBca supposed to be organs of loncb, derelopod ftom 

in of the organs of the month in vsHoua Articulate animals, and m>m tJie sides of 



bjGooglc 



Pspii.i.i (Lst. tot nipple). A minute aofl prominonce. 

PsBiPODiA (l3r. pUTvi, Inside; podea, feet), Tlie literal locomotiTO jnwaisea « "toot- 

tuberclea" of aaay of the Ana^ida. 
PiBiETAL (lat partes, a wail). Conneoted with the walla of a cavity or of flie body. 
PiKiBio-9tT.»BonBio {lAL panes, a wall; Gr, spiaireAnon, an hiternal oreaD). AppHcd to 

one of the ncrvona ganglls of the JSoUttsca which supplies Iho walls ofthe body aod the 

PATiQiBM (Lat. the border of a dresa). Applied to the eipanalon of tho integument by 

which BMa, ITjiing-SriuhTelg, anil other ammila anpport tbemeelyea In the air. 
PBCconsi (lit. pit***, the breast). Connected with the cheat 
pEDSL(Latp(a,thefOot). Connected wllh the toot; generally uaed in connection wild tho 

PaniaELLiEis (lat. pediOfHtig. a lonae). Curioi 

ported on a alalk. 
Pbuii'Ali'I (tat peSt foot ; palpo, I toel). An order of Arachn/idai couiprisiiig the Swr- 

PiLVB (Lat. badn). The bony arch with which the lower or poatetiot pair of Umba is con- 
nect^ in loany Vertebraia. 

Pbbknnibrahohiata (Lat. pe^nn^ perpetual; Gr. ^ro^cMo, pUb). Applied to Lhoao 
AmphiUa which ntaln thch' glUa throDghout life. 

PBaiasODACTTIAlQr. s«riSAf>^ uneven; daklulos, flnger). Apphed to tboae bootod Mam- 
mals ( fSiiraiafti) which have an unoren immber rftoas. 

pEttinaoKRAi.(Gr,yflri»arepnnd: lat. viscera, the internal organa). Applied to the apace 
BuTToniidlni: tbe viacem in most aninuls. 

FUAILHQES (w. ^ialamBj a row). The amaU bonea compo^ng tho digits of the higher 
Yertebratefl. Zforrnally «acb di^t has three phalangea. 

FKAKTKSOBEAHOHn <Qr. pAorufKO, the pharpii; t/ragcJiia. gOie), The order ofFishes 
comprlatDg only the Laocelet. 

Fhabtkx. The npner part of the gullet. 

PnvLLOPOBA (GrjftuJtoB, leaf; podei, fcet). An order of Oaetooea. 

PuYBOPHoarojl (Or. yftMSO, bellows or idr-biadder; phem, I carry). An order of Ocainie 
ffDOrotoa. 

FiHH£ (Lat jdrma, a toather). Ditetal pnweases, appUcd eapednlly to the proeensea of tho 
arm« of Criaolds. orofthe tentacles of Alei/oaana. 

PiHinaBAnA (Iatj)*nn«, and gradiar, 1 walk). The ftmlly of Cbmiioro, comprising 
the Seals and Walruses, adapted fiir an aquatic litb. 

Phceh {lat. niseis a Hah). The class of the Verfebrata comprising the Fiahca. 

Pi^is-fi (Lat a cake}. The "atter-birth," or the organ by which a vaacnlar coonectlon is 
established In thebigbar F«»*e4iirf»betwocutheinotheracd the young animal previous 



ica^ng a placenta, or connected with the plac^mta. 
% a plate; eidos, t^mV Apphed to the nregnlar be 
- "^ "ii in the skin of various flsbes. 



Plaoiobtomi IQt.pla^os, tranaverse; eloma, mouth). The Sherfca and Hays, hi which 

Plabaeida (Gr. plane, wandering^ A group of the i^oleeiaa. 
Vi,istiaBADx(La.planta, the siJe of the toot ; gradvir. I walk). The group of tto Car- 

tblv>ra In tmch the sole of the fbot la applied to the ground. 
pLANTKlBADB. ITdlklog upon the solea of the toet. 
PiAHTKOH (Gr. miBiiMinin, a plastor). Tho ventral ableld of the caae of tho Tortoises and 

Tnrtlea (CtWonia). 
FLATTBBINi [Or. pidiiM, broad; pftfti^ noatrlls). A group of the Quadriinmnil. 
Plesiobabbia (Gr.ytegios, near; savra, a liiard). An cidnct enter of EeptUes. 
FiUTHOB (I*t. a ahed). Tho larvolfi)rmoftheees-urcmns(£hlinMe). 
PnmiiATio (Gr. pnmma, air), lulled with air. 

PMHUKiTOEHOBB (flr. piMHHlil, Bir; plWfO, I carry). The air-bladder of the PftysopAoriiiit. 
FoiwaowATA (Gr. Dt>u«^ tbot; ^omo, body). Ad oraee ot AracftsMda. 
FoiBiBa. BeeBB&Doere. 
PoiMI (lit the thumb). Tho innermoat of the normal five digits of the tore-toot of the 

higher Vtrieiraia. The thumb of man. 
PoiToisTiBA(Qr.yoZ«a,n«ny; *««((*, a bladder). An orderofPci)(™M. 
POLVCAMOUB (Or. polue. many ; gaptos, marriage). Applied to cases ia which one male 

consorts with several tomales. 
roLYGAfiTEioA (Gr. polus, many ; ffoster, stomach). The name applied by Ehrenberg to 

the 7j(/iMoiTJi.nnder the bcScfthat they possessed many Btomacha. 
PoLYPABT. The hard, cLitinons covering aeeroted by many of tho Sydraioa. 
P01.VFK (Gr. ijoitts, many ; j)0!M,fo " ^ ■- .. ..1. _,__.. ._j,jj.._. 

of a fftwtpte AaHmnf"^ ^^^ '■'» ">»' 
PoLYPmB. The scpara 
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wiUi polyjuiy, but ottea applied 



PsjiMoiAaB (Let jiTtB, befete; molares, grlndore). The moliir teeth which succeed th 

molars of Uie mlik Bet of leetli. 
PH^-iKBOFUirjEii- SitUBtedLn front of tlieguEct. 
PEOBOBciDEi (Lat. jjrotoseis, the snout). Tlie order of Minimala comprising th 

Elcphanls. 
Peocikloub (Gr, pro, tmat ; halios, hoBow). Applied to vertebne. the bodies of wluch an 

Protofhtta (Gr. iHDftw, flrat; oSyfon, pbnt). The lowest divlsJoE ofplanta. 

■, ,^_ — j.^ g^. pia„^ I amaia). Tho elementary bsMB of orgsnlie 



■Ij'-giowhig, 01 

iDchofUieBamlmi 

system of the 



rii (lAL a Btrisjfed iDBtmment). The third BtomDchofUieBamlmuits. 



PsEDDOPonii (Or. jwetujoi^ felsity ; podes, IfeelO. Tho tempomry entenslons of the bndy- 

BubBtance which are put Ibrlh T>y the BMiopoda at will, imd whlcli servo both for loco- 

motUrn and for prohenshm. 
Ptbhopods (Gr. «(b™b, awing; pwJe* Ibet). idasaof JfoitoiWBwlmmlngbymeaDaof 

Sue Bttached to tbo skies of the head, 
PruRoSiuttii (Gr. (iterOB, awing; gawwf, a liZBrd). An enthiot order of EopUlcB. 
PoLHOHAKT (lAt. ptilma, a lung). Goonecti«l with Ihc lungs. 
PouiOHtn. Poeeeulng hings. 
PtrpA (lat ■ dotQ. Hie slate of mclaniorphosis of so insect Immeillatelj' prweding Ita 

nppoArazioo bi a perfBet conditioa. In this slate t^ iDsect is veiy often motionlesB, and 

is otteo called s ^'chrysaliE.'' 
PvLOB08(Gr.I»rionM,a Bste-keeperV The valvular aperture between the fltomaeh and 

tho coDUDeacemeut oTtbe lotesiine. 

QniDBciiABA (Lat q-natuoi; Ibnt; mania, hanil). The order of MammaHa compriidug 

the Moolceys, Uaboons. Lemurs, etc 
QuADBUMisoua. Four-handed. 

KsDiiTA ^.at. radius, a ray). Forraeriy applied fo a large number of animals whIeJi are 
now placed in separate sub'hingdoms (e. g., Clie GeienteJttta, Echinodennat<t, lufu- 

Radtolabia (Idt- radius, a rsy}- An order of Shisopoda. 

earrice toe thumb orjwllei, and correspoods with the tibia of the Wnd-Ihnb. 

KiPTOEES (Lat raptB, I plimder). The order of the Birds of Prey. 

KAPToniAT^ Appned to animals which live bypreying upon otlKr animals. 

KAS0EB3 (Idt. ratio, I Koee or scratch). The order of the gcrstching Birds (Fowls. 
Plgama, etc.). 

Eeptilia CLat. riplo, I crttwl). The chss of the Vertebraia rampriaing the Tortoises, Ser- 
pents, Lizards, t>Dcodiles, eto. 

EE11CU1.0U ^t. a net). The second etomaeh of tho Kuminnnta. 

KHimPDDA (Qr. i-Mso, a loot ; podee, feet). The division of Vrofosia compristaig all Ibose 
-nbliJi ate capable of emitUng pseudopodla, 

EoDBNTU. (Ijit. rodo, I gnaw-). An order of the MaminaUa^ Otbaa called Glires (LaL 

RoTiFBBA(Lat roto, awheel;/*™, Icarryi. A class of the Seoleeldii, comprising the ca- 
balled " WheeI'MUmaleulGB.'' 
JiOHOSA (lAL ragosus, wiinkled). An eirtinet order of Corals. 
ItirvEH (I^t. the tltroat). The first stoinoeh or ^'panneh " of Rnminantfl. 
Hfmihahtia (Ijit. naaiiMr, I chow the cud). A group of Ibo Hoofed Jf»nM?infia. 

bones to form the pelvis. 
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fiffB*M, lizArd ; opsis, ftppeunuoo). The Dome given by Hoidej to tJie two 
EleptdlBB sod Birds Ealleulively. 

y>.. _ ^fljiird; ji^g^T^ a wing)- Ad extinct order of Replllea. 

"d; otcrv^ tail). The omer of liinis comprialng ouly tlifl cxUoct 
I climb), Tlie order ot tiie Climbing Birde (rBrrula, Wood- 

Soipnrr°'TEa 'shoulder-blade of Vertebrata. 

tJ01,EEODASic (Gr. ikltrvs, lurd; liasU, pcdestsi). Tlia form of roral wliICIi coaBUtDtes a 

coDtral axis smroundcd bjf Uie soft parts of Uie uilmsl (e. g.. Red Ck>^). 
gcLEEODEBuio, Applied 10 tliuae corals nhidi are sccietf d wiibin tlie bud}' of the polypcB 

which produce tticm, 
BcoLEcmj. (Gr. skt^ea, s worm). A dirial 
SciTTA (Lit. teiitum, a sMehl). Applied lo 

in many BepHlcB. 

^EBPENTLroEU. EesembUng a serpent In slkape. 

SKarntAttmA (lit aertum^s, wreath). An order of the ITydronoft. 

SrasiLE (lat. iedo, I sit). Sot suiiported upon a stalfc, but attached by a base. 

SiuoKiTO (Let »Hm% flint). Oompoeed of flint 

BiTHON (Gr. ■ tube). Appfied to the respiratory tubes of many of the MoHntii 
otber tubes of diff««nt functtois. 

SiPHOfrofaoiEA (Gr. siphon, a tube; phero, I carry)- 

SmBBiA (Gr. aeiren, a mermaid). An order of Jfomi 
Manatees. 

BoiionHociA (Lat. soMiJue, solid; irngvla, a lioof). The group of Hooitd Mammals com- 
prise tlLo Horse. As^ and Zetira. 

SoK*Tio7Qr.sofBO,body). Connoclod with tie body. 

SourrE (Gp, soma). A single segment in the body of an Articulate animal. 
^picniA (Lot. ntyteulam, a point). Pointed needTe-shapcd bodies. 

Bpikbeebts. The organs by means of whieli Spiders and Caltrplliars epm threads. 

BPOKGini (Gr. ipogaoa, a sponge). The division of the ProZmoo commonly known aa 
sponges. 

flTEKNm (Gr. sterium). The breastbone, 

SrOMAPooi (Gr. stonia, mouth: poaei. feet). An 1 

Stojutode (Or, eionm. mouth). FoSBeasing a 11 

called IheSfomatode iVo^owo, , ., 

eTBETBipTERi (Gr. ^Ttpio, 1 twist; p>aim, a wing). An order of Insects in which the 
torior winga are represented hy twisted indiHienia. 

STSEpeiEEiBA (Gr. sCr«nJu>, I twist ; lAf nes, nostrils), A group of as Qimdnaiiana. 

ScrcTOBiAL, Adapted Ibr suction or fbr imbibbig fluids. 

SupEs-iEsoniAasii. Placed above Uie gullet or aBophagus, 

TABDLa (Lat, (ofraJo, a tablet), Horijontal plates or floora which are found in many con 
'- ^touch). Connected W- ""■■"■--"'■ — ■■ 



,n order of 



Tabso-ueiataesfs. The single bone produced in Birds 

TAisna ^. ftwxw, the flat of the foot). The small bones which Ibrm the anltle (or "io- 

Btop" of man); correapondtng with the eujyiMofthe anterior limb. 
TsaoBiMi (Gt. ieieipa, perfect; osteon, bono). An order of Fishes, oflen spotcu of as tho 

Bony ^diea. 
•ftiaoH (Or. a Hmit), ThelastMntintheaboomenoftlie tJiistoceo. 
TunmoaiBBa (La*. Umuia, slender; mstmm, b«ili). A group of the Perching Birds char- 

Dctertced by tht^ slender beaks. 
Temhstbial (Lat feira, earth). Living upon dry land. 

liar (lat tesftt a alieH), The shell of MBltasca, whkh are for ttoa reason sometJmea called 
^Teatacea. Also, the colcareoua shell ot Sea-urctius. Also, the thick, leathery outer tunic 

ofthe9ea-EoiJrtE(7l™iflo(o). 
TBTEiBEiBcmATA (Gr, tetav, toar; firopoftio, gill). The order of Jfoifiwco characterized 

liy the poseesekm Ol^ar gUs. 
'^"""&tLiDi(Gr,««fc5M,aes; ioJfu, glue). A division of Pro^mmi. 

)«PHA. (Gr, a«v beast; mrrrplis, thapeV Employed by 0«en to desigutte tho 
BIS AjopmblmH," such as Frogs and Toads. 



"(alDeie Amnhlblana," such as I 
Tin>EAX(&'.a£i«Mt-pl(M»>. The 



T^TSAmiiA (Gt. tAHauurf, IHngea: oara. tidl). Aa order of Insects. 

Tibia. The ahin-bone, oorrespondiug to tlie rudiue ot the lorc-hinb, and b-dng tl 

most of the two bonea of the leg. 
TEiottiii (Sr. ttatMia. tho rough windpipe). TTie tube which conveys idr to tbe 

tho air-breathing Vertebrates. In Insects, MyilapodB, and Spiders, the air-tub 

ramiiy thiongh tho body. 
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ATODAiGr. ,.., 

.EiTA (Gr. *re(«, three ; ioftos, b lobe). Ad extinct order of Omataeea. 
-'-.A(Lst tuAo, H tube; cofo. I Inhabit). Aa order of .Jfl««Wa. 



)A (Iflt idba, s tubei ORen used Instead of Q/T^nida to dedgnatt ui 
TuNiOAiiA (Lat. fl»i4^ a cloak). The Sea-sqnlrtB, a class of the MoUitKOida, 



rA (Or. oZeji^ the elbow). The ontermofit of the two bonoB of the fbre-arm, corrcBpond- 

E^ with ibB^^btiiit of the hMd^Umb. 

io(LBt.Uie boss of the shield). Tbebeak ofabivilreetieE. 



The coutiMtUe disk of one of the Z«ct™oWda. 

Uhuulata (lat. foigula, a hoof). The order of Mammalia comprising the Hooffei 

Quadi-nped&. 
UmULTi (Lsl. imiu, one ; naZva, fbHing-doors). Apphed to shells cooiposed of a slnglo 

CnouELiCer. mico,biil; i(«io». tisthle). The order of the " tdlcd " Amphibians. 

YAanoLiM (Lat wmkks, emptyj. The little cavities fbrmed Id the interior of many of tha 
ProtoioaXiy the presence of the parttelOB of Ibod sumiunded by s KtUo water, 

Vektr^l (Lat. suiter, the slomaeh). Eeiatlng to the lof^or surface of flie body 

VEsmrcLE ILat senirieMitK, diminutive of rentSJ". belly). Onaof the cartttes of the heart. 

Vebmeb (lai vermin, a worm), SomotiincB used at the prsBeot day in the same, or nearly 
the same, Ecnsc as Anmifoida. or as Am^loida plus the A/iaruiropot^, 

Vbetebea (Lat. tSio, I turn)! Ouo of Iho bones composing tho sphial oolomn or back- 

TEETEBBAtA. Tbs Bab-klogdom Comprising animals, abuost all of which have amoro or 

a bladder), A little sac, bladder. 

Xipno8i:RA (Gr. srfpSiw, Bword; owro, 1^1). Anorfler of aTiS(aceo, comprising the Klng- 

ZofliDlGr, m™, animal; eMoftSwm), The more or less completely indcpendi 

prodiiiKd fromaprimitlye being by "— — ■>'-— ...i.-.i.— — 

to one another or are detached and ... 

Zoophyte ^r. to&it. animal ; pAjtton, plan^. Loosely appHed to many plant-like 
such aa SpongeB, Gorali, gea-anemones, Bea-fln, gea-mau, etc. 



remain attaehed 
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QTJESTIONS. 



1. Mention Eomo of tlie charftctera of liTiDg beings. 
a. What is understood bj " oi^nization ? " 

3. Define Biology and Zoology. 

4. What cbaractere separate tbe highei' animals from tlie liigher plants ? 
6. Bow does the nntrition of plants dilFer from that of ajiimals i 

6. What is understood by " classificatioQ f " 

7. What is the basis of a natural and scientific classification? 

8. Explain tie terms "morphology" and "physiology." 

9. What 13 understood by " aub-kingdoms," and upon what characters 
are these founded ? 

10. WTiat are the great Physiological functions ? Define theee. 

1 1. Eiplain the terms " homology " and " analogy," and give eiamplee. 

12. What leading characters separate the Invertebrat*! from the Verte- 
brate animals. 

IS. What are the chief characters of the Proiazoal 

14. What is Barcode f 

15. What are cilia, flagella, and pseudopodia f 

16. Mention the three great classes of " ' 

IV. What is the Btrnctnre "" " " " 

find one ? 

18. What structures characterize the M 

19. Describe an Amaiba. 

20. What is the so-called " contractile vesicle ? " 

21. What is meant by " fission ? " 

22. How do the pseudopodia of the Fvrimiinifera diffur fron 
Amo^f 

38. What stniclurefl are absent in the Foraminifera, which 
Am/^diaf 

24. What is the nature of the shell of the FoForaijiifem i 

35. What differences subsist between a perforated and ar 
shell f Between a simple and a compound shell ? 

28. Where do Forammifera mostly occnr ? 

27. What is understood by "Distribution in Space" and "D 
Time?" 

28. Mention one or two remarkable fossil Foraminifera. 

29. What is Chalk to a great extent composed of? 

30. What ia the nature of the skeleton of the Radlolaria ? 
81. Mention some example of the Radiohria. 
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QUESTIOKS. 335 

55. Of nhat two essential elements is a Sponge compoe«d? 

33. What is the nature of the " aponge-flesh 1 " 

34. Describe the circulation of water in a Sponge. 

35. What ate the chief vaiiatjons in the skeleton of Sponges ? 

56. Whence are the Sponges of oommeree obtained ? 

57. How do the Xafusorian Animalcules derive their name ? 

3S. By what leading character are the Infaeoria distinguished from the 
other Prolflzoa f 

39. Wh J were the Infiimria fonnerl j called Foti/gadriea / 

40. Describe the Bell-atiimalcule. 

41. What peculiarity of the digestive system characterizes Ihe sub-king- 
dom CcdenUrataf 

42. Of what ia the body of a Cielenlerat* animal composed? 
48. What is a " thread-ecU ? " 

44. Into what two classes are the Ctdenterata diyided, and what charac- 
ters distinguish these? Mention examples of each. 

45. What is understood by " gemination ? " Iloir is a compound animal 
or colony produced P 

46. What ia meant by the tei™ " zoiiid ? " 

47. What is scientifically understood by the term " individual ? " 

48. Define the terras "polypite," "ctenosarc," and "polyparj." 

49. Give eiamples of the llydroid Zoophytes. 
60. Describe shortly the stnictuce of the Hydra. 

51. What ia the method of reproduction in the Hydra I 

52. What pecuUariOeS distinguish the polypary of the Corynida i 

63. Give an example of the Coryni'la. 

64. What two sets of zoiilds go to form the colony of a Hydroid Zoo- 
phyte? 

65. Define the terms " trophosomo " and " gonosome." 

66. What is a " gonophore ? " 

b7. What is a "medueitorm gonophore? " Why is it so called, and whai 
is its general structure ? 

68. Give an eiample of the SerbUarida, and mention the differences 
which disUngnish their polypary from that of the Coivnida. 

69. Whatisa"hydrotlicea?" 

60. Describe tic general structure of the reproductive bud of a Cam. 

61. How do the Oceanic Hydrozoa differ from the Hydroid Zoophytes ? 
63. What is a " nectocalys," and what is ils structure ? 

63. What U a " bract J " 

64. Mention esamples of the Oceanic Hydroioa. 

66. What is the " float" or " poeumatophore " of the Fhywphor'idml 

66. Of what real nature are many of the so-called MedwKe or Jelly-fishes ? 

67. What is the general structure of a Medusa, and with what structure 
in the Hydroid Zoophytes does it agree * 

68. From what cireumatance ia the name "imked-eyed" J/«iusa! derived ? 

69. What are the "njai^nal bodies " of the Medusa;? 

70. Describe Laeermtria. 

71. Of what natnre are the great Sea-blubbers ? 

72. Describe "Hydra-tuba" and its development. 

78. What is the structure of a "Hidden-eyed Medusa" or Sea-blubber, 
and from what circumstance is the former name derived ? 

74. Differences between the naked-eyed and hidden-eyed Medusic ? 

75, D^cribe the generative bud of Jihhoslomo. 
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336 QUESTIONS. 

'16, Hive the leading characters of the ActiTioioa. 

'J'l. How does the transverse section of a Hydrozoiiit diiTer from that of 
an Adinoioon ? 

78. What is a "polype?" 

79. Describe a Sea-anemone. 

80. What are the " mesenteries " of a Sea-ancmoDe, and what organs do 
Ihey carry f 

81. What is a " coral ? " 

82. What are the "septa" of a coral, and to what part of the living 
aiiiraal do tihey corrcapond f 

83. What are coral-reefs, where do ihey occur most abundantly, and wliat 
ara the chief varieties which occur? 

81. How do the Alcyona-ria differ numerically from the Zoanthuria / 
65. Mention some example of the Alct/oHoria, 

88. Id what Alcyonarian is there a well-developed aderodermie coral ? 
81. Of what nature \a the tderohasic coral of the Gorgonida:? 

88. Mention a well-known eiample of the Oorgomda. 

89. Give the leading characters of the Clertophora. 
SO. What ia ft " ctenophore ? " 

91. Is a nervous system present in any of the Aclinoeoa, ciocpt in the 
C^eno/Aoral 

92. Mention an example of the Cttitoplinra. 

93. What animals belong to the E(Ainodermata, and whence a the name 
of the claaa derived ? 

94. What ia understood by " bi-lateral symmetry ? " 

95. At what time of life are the Eddiioderim bi-lalerally symmetrical, 
and what is their condition in this respect when adult ? 

96. What is a water-vascalar system, what is it called m this class, and 
what special function does it generally discharge ? 

97. What is the arrangement of the nervous system in SfMnoderms I 

98. What distii^ishes the Sea-urchins from other Echiuoderms ? 

99. Into how many zones may the test of a living Sea-urehin be divided, 
and how many rows of plates are contained in each zone ? 

100. What are the " ambulacral " and " inter'ambnlacral areas ? " 

101. What plates are always placed at the summit of the shell f 

102. What is the " madreporiform tubercle ? " 

103. Describe the general nature of the spines and thdr function. 

104. What are "pedicellariie?" 

105. What are the "tube-feet?" Describe the genera! arrai^ement of 
the *■ ambnlacral system." 

106. What is the structure of the wrculatory and nervous organs in the 

107. Mention a peculiarity in the development of the Echinus. 

108. Give the leading characters of the Star-fishes. 

109. What peculiarities distu^ish the arms of Star-fishes ? 

110. What is the Btracture of the stomach in Star-fishes? 

111. How do the Brittle-stars r^emble the true Star-fishes, and how are 
they distinguished ? 

112. What is the structure of the digestive Bvslem in Brittle-stars ? 

113. What is the essential peculiarity of the Crinoidc? 

114. MenUoQ a living Crinoid which is free wheu adult, and one which is 
permanently fixed. 

115. What is the generitl shape of the KololK^triarui, and the nature of 
their integuments ? 
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116. What U the condition of the ambulaoral Ejstein, and where is tlie 
" raadreporifoiTB tubercle " sitaated ! 

117. What is the mouth Eurrounded by? 

118. What is the "respiratory tree" of the Ilolothuriana ? 

119. Whftt characters distinguiah the Snii(^(Ai? How are the j separated 
from the Ediimderms ? 

120. What is meaat by the term Enloma? 

121. In what relation do the Bladder-worms stand to the Tape-worms f 

122. What is the structure of an ordinary Tape-worm? 

123. Give the structure of the "head" and of a single joint, and state 
what ia the relation of the head to the joints. 

124. State shortly the process of development in a Tape-worm. 

125. What is tho " measles " of the Pig ? 

126. What are " hjdaUda " in man ? 

127. Wliat are the characters of tho rreniaioifc worms ? Mention an ei- 

128. What ia the " rot " of Sheep caused by? 

129. What groups of animals are included in .__ . 

130. Give an example of tie Aixtnffiocephala, and si 
which the name is derived, 

131. Where do the Oordimxa spend the earlier part of their existence, 
and what ia their common name ? 

132. Mention examples of the Nematode worms. 

133. From what do the Wheel-animalcules get their name ? 

13*. What ia the general she of the Rotifers, and where are they found ? 

136. What marked differences are there between the males and females ? 
1S6. What are the functions of the cUiat«d"vheel?" 

137. Give the general anatomy of a Rotifer. 

138. Give the leading characters of an Annvlose animal, 

139. Into what great divisions is the sub-kingdom Aiamlosa divided, and 
what are the characters of these F 

140. What is the general structure of one of the rings of an An- 
nelide ? 

141. What is the " pseudohaimal sj^tem" of (he Annelida, and to what 
is it believed to correspond ? 

142. What are the characters of the SimdiTiat ? 

148. To what does the Medicinal Leech owe its value ? 
144. How ia locomotion effected in the Leeches ? 
HS. HoH are tlie O/t^ec/u^ disUnguishedP 

146. What are the locomotive organs of the Earth-worm ? 

147. Of what nature are the breathmg-organa of the I'ubicola, and where 
are they placed ? 

148. Mention a common Tubicolous Annelide. 

149. To what do the Erranlia owe their name, and what are their loco- 
motive organs ? 

150. Where are the gilla placed in the Erranlia! 

151. What orders of Annelida possess gills, and which have not? 

152. Give the general characters of Articidats animals, 

153. Give the ehacactera of the Cruitacea. 

164. How many segments go to the body of a Crustacean, and into what 
distinct regions may these be distributed F 

156. What is understood by the " cephalolhorax ? " 

156. To what section of Crustacea docs the Lobster belong? 

157. What is the "carapace" of the Lobster ? 
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158. What ia the part generally called tho " tail," and what is the so- 
called "head?" 

1B9. What are the " antennie," and how many fire there in the Lobster 
and in CVustoKea generally ? 

1 60. What are " foot-jaws," and why arc they ao called ? 

161. Wliatare "chel^?" 

163. Of what nature are (lie appendage of fiie abdomen in the Lobster? 
168. What is the last segment of the abdomen called ? 

164. Describe the gills of the Lobster. Where are they placed? 
16B. Of what nature is the abdomen of the Hermit-crabs ? 

163. How arc the Ciabs distinguished from tiie Lobsters? 

167. By what character does the young Crab approach the Lobster ? 

168. Give an example of the Isopoda I 

lea. What is the character of the appendages of the mouth in the Kin g- 

170. What ia the alructure of a Trilobite ? 

171. What is the nature of the shell of the Ostracode Crustaceans ? 
173. What change do the Cirripedes undergo in passing from the larval 

to the adult condition F 

173. What are thetwo typesoftho Cirripedesf Give examples. 

174. Give the general characters of the Arachnidaf 

116. What is the structure of the mandiWes of the Spiders ? Of the 



76. To what do the mandibles of the Arachnida correspond ? 

177. Of what nature are the breathing-organs of the Arachnida? 

178. What is the structure of (rocAffle/ Of pulmonary aacs ? 

179. What are the Organs of vision in the Aracknida ? 

180. What arc tho habits of the Mitea f Give eiamplea, 

181. By what atnieture do the Scorpions inflict wounds f 

182. What is the condition of the abdomen in Scorpions ? In Spiders ? 

183. By means of what oi^ans do the Spiders spin webs? 

184. What are the general characters of the jfifriapoda / 
186. Whpt is the general condition of the young Myriapod ? 

186. What are the distinctiona between the Centipedes and Millipedes ? 

187. What ia the number of legs in Fanropusf 

188. What are the general characters of Insects ? 

189. What organs are carried by the head in Insects? 

190. How many segments form the thorax, and what appendages do they 
always carry f What appendages do they sometimes cany ? 

191. What are "ncrvureaf" 

193. How many rings generally go to the abdomen of Insects ? What 
appendages (If any) do these support ? 

193. What are the chief modifications in the organs of the mouth in 
Inaecta ? 

194. Describe the digestive system of an Insect? 

196. How is the circulation carried on ? 

190. Of what nature are the breathing-oigans ? 

197. Of what nature are the eyes in Insects ? 

198. What is nndersloodby the "metamorphosia" of an Insect? 
189. What are the chief differences in the metamorphoses of Insects ? 

200. What peculiarity distinguishes the adult state of Insects which 
undergo no metamorphosia ? 

201. What is understood by the terms " larva," " pupa," and " imago 5 " 

202. Whatiaa " chrysalis?" A "cocoon?" 
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203 What arc the more important Insects wbieh pass through no raeta- 
morphoaiB ' 

204 The chief chftmctersofthei/emsp/era? Give esamplcB. 

205 What are " hemelytra ? " 

aOS The chief charactera of the Oeilioplera! Give exampleu. 

207 The chief charictere of tho^europfe™/ Give esamples. 

208 What members ootnpoae a colony of White Anta or Termitea » 

209 The chief characters of the A^i^iptera I Give an esample. 
310 The chief charactera of the IHptera I Give eiamples. 

211 The chief characters of the Lepideplera} 

212 Characters of the larval of igwrfo^era ? 

213. What characters distinguish Butterflies siid Moths reepectivelj ? 

2U. Chief charactera oi Hymenoptera! Give eiamples. 

215. Give some account of the social commtmities of Bees and Anta ? 

ai6. What is the condition of the winga in Slrepeiplera ? 

317. Chief oharscterfl of Coleoptera ? Give eiamples. 

21S. What are "elytra?" 

21 0. McDtion a useful Beetle. 

220. Chief characters of the Molluaaif 

221. Condidon of nervous system in Mollusks t Of circulatory system ? 
Of breathing.orgaiia ? Of digestive system ? 

222. Pmnary divisions oCMnllasca, and the characters of these? 

223. Chief characters of the -Pi>f|/zoo ? 

224. Explain the term "polypidef" 

225. How is the poljpide of a Polyzoon distingaished from the polypite 
of a HydromSn I 

226. Structure of a single "polypide. " 

227. What ace " hiril's-head processes," and to wliat may they be com- 
pared? 

228. What general distmotlon is there between the fresh-water and marine 

229. Chief characters of rtmirafo? 

230. Nature of the " test ? " 

231. Structnre of the heart in Tankaia! 

232. Distinctions between simple, social, and compoand Tniucates? 

233. Chief characters of .ffi-acAJopoiio ? 

234. Nature of the shell, as compared with that of Bivalves » 

235. Structure and nature of the "arms?" 

236. Chief characters of the Xamellibt-am^iaial Give enamples. 

237. Nature and uses of the " foot ? " 

238. Nature, uses, and numher of the "adductormuscles?" 

239. What are the "muscular impressions " and the " pallial line ? " 

240. Structure aad mode of opening, and connection between, the 
valves ? 

241. Structure of the respiratory organs? 

242. Nature and uses of the " respiratory siphons ? " 

243. Condition of circulatory system t Of digestive system ? 

244. Condition of young when first hatched ? 

24B. Chief charaoteraof the (?i(sfc™p3rfa/ Give eiarapies. Whyepolicn 
of as "univalves?" 

248. What is the "operculum?" 

247. Compare Ihe Giitleropoda with llio L/auellibrtmcldala as regards the 

248. What is the nature of the " odontophore f " 
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340 QUESTIONS. 

249. Condition of the heart and breathing-organs? 

2B0. What diyisiona of tho Oasterojioda may be founded on the nature of 
the breathing-organB f 

251, Condition of the young water-breathing Gaeteropod ? 

SC>2. Stmvture and modifieations of the shell in Gasteropoda ? 

2B3. What are the two leading conditions of the mouth of the shell? 

264, General cbaracters of the N-adibranchiata I 

266. Nature of the foot in the Heteropoda ? 

2B6. General characters of the air-breathli^ Gasteropoda ? 

267. General eiiaractera of the PUropodal 
20S. General charactcFS of the Cephdopoda ? 

269. Nature of the " arms " and their suckers in the Cuttle-fishes ? 

260. Structure of tt.e "funnel?" 

261. Nature of the ink-bag ? What living Ceplialopod is without an ink- 
bag? 

2fi2. Nature of the breathing-organs ? Of the circulatory oi^ans? Of 
the respiratory process ? Of the nervous system 1 

263. Peculiarides in the repcoductiTe process in the Cuttle-fishes T 

264. Nature of the internal shell of the Cuttle-fishes ? 

286. What two living Cephalopods possesa an cstemal shell, and what 
are the differences between these J 

266. Characters of the Dibranohiatc Cephalopoda? Give ciamples, 

267. Describe the shell of the Argonaut ? 

288. Oharaotera of the Tetrabranchiate Cephalopods ? 

269. Describe the shell of the Pearly Nautilus ? 

270. Mention some fossil forms alhed to the Pearly Nautilus ? 

271. General characters of the Yerlebraia? 

272. What is the "notochord?" 

273. General structure of a "verlebraf" 

274. Ee^ons generally rect^nizable in the vertebral column F 
2'!5. General structure of the fore-hmb? 

276. General structure of the hind-limb? 

277. General struetute of the digestive system ? 

278. Source of the blood ? Nature of the "blood-corpuscles?" 

279. What Vertebrate ardmal has no heart ? 

280. General nature of the respiratory organs ? 

281. What is the difference between a gill and a lung ? 

282. General structure of the nervous system ? 

283. Define the terms "oviparous," "viviparous," and "ovo-viviparous." 

284. Into what primary sections are the Vertebcata divided by Huslej? 

285. What are the five classes of Vertebrates? 
£86. General characters of Fishes ? 

287. Chief forms of scales ? 

288. Nature of the " lateral line ? " 

289. Form of the vertebr» of a Fish ? 

290. Portion and connections of the ribs ? 

291. Nature of the " inlecspinoua bones?" 

292. Nature and position of the limbs of Fishes? 

293. Distinction between the "paired" and "median fins ?" 

294. Number and names of the median fins ? 

296. Difierence between homocercal and heterocercal tail ? 

296. What are the "rays?" Difference between "soft rays" aii4 
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QUESTIONS. 341 

398. General arrangement of the gills in a BonjFiali ? 

298. Structure of the heart and course of the eireulation in a typical Fish ? 

300. What is the " swim-bladder," and to what does it correspond ? 

801. Nature of the swim-bladder in the Mud-fish ? 

302. Condition of the oi^an of hearing? of the nose? 

B03. In what Fishes does the nose open behind iulo ihe throat ? 

30*. General chftraciera of the Lancelet? 

S05. General characters of the Uarsipobraachii? Give examples. 

808. Nature of the respiratory organs in the Lampreys? 

307. General characters of TdeosUi ? Give eiamplea. 

808. General eharactara of the ffanoufe" ? G ire examples. 

809. CondiUon of the vertebrte in the Bony Pike ? 

3!0. General characters of the Mlaimabranchiif Give examples. 

311. General characters of the Dipnoi? 

812. Distribution oftheMud-fighes? 

313. General characters of the class Ampkihial 

Si4. Nature of the metamorphosis in Amphibians f 

815. General characters of the Ophiomorplia I Give examples. 

816. General characters of Uradela I Give examples. 

S17. Explain the terms " perennibranchiate " and " caducibranehtate." 
818. Distinctions between TaQed Amphibians and Lizards ? 
310. General characters of the jlwoBi-o? Give examples. 
820. Phenomena of the development of a Frog ? What general zoologi- 
cal law is illustrated thereby ? 

321. General characters of the Sawopsida ? 

822. General characters of Reptiles ? 

823. Structure of the lower jaw, and its connections with ilio sliull? 

824. General nature of the teeth? 

825. In what Reptiles are the teeth sunk in sockets ? 
326. How does the intestine terminate in Reptiles ? 

827. Structure of the heart and couise of the circulation in Eeptiie* 
generally ? 

328. Condition of the heart in the Crocodiles ? 

329. General characters of the Chflaiuaf Give examples S 

330. Leading peculiarities in the skeleton of Chdoniit I 

331. Chief groups of Chelonians ? Give examples. 
382. General characters of the (^idial 

833. Condition of the limbs in Snakes f 

834. Mode of progression in Snakes ? 
33B. Structure of the tongue ? of the eye? 

386. Structure and connections of the lower jaw ? 
337. General structure and function of the teeth ? 
38. Nature of the teeth in the non-venomous and poisonous Snakes 



>. Examples of harmless Snakes? 
840. Examples of poisonous Snakes? 

341. General characters of the iaew^io.? Give examples. 

342. Characters which separate the snake-like Lizards from tli 
Serpents ? 

343. Peculiarities of the Flying Dragon? 

344. General characters of the Crocodilia ? 

345. Differences between Crocodiles and AUigalors, and the geogr! 
distribution of each ? 

346. Peculiarity of the Gavial, and its geographical distribution ? 
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342 QUESTIONS. 

347. Leading characters of the IchlJii/oplfr-ggia / 

848. Characters separating iVmosouhis from lihllii/iiaaurua I 

349. Leading characters of PdTOMBria? 

300. General characters of Birds f 

861. Genera] structure of a quill feather * 
353. reouliarity of, the featberH of the Ostrich? 
868. Gharaotera of the backbone in Birds? 

864. Nature and position of the " ploi^share " bone ? 
868. Structure of the beak ? 
356. Nature of the " sternal ribs ? " 

867. Form of Ihe sternum in Birds which fly ? In those which do d 
flj? 

358, Structure of the shoulder-girdle ? 
369. Nature and function of the " merry-thought ? " 
860. General structure of the fore-limb or wing ? 
361. General structure of the hind-limb? 

862. Nature of the " 
S63. Number and poi 

364. What bird poaai 

365. What is the "ei 

367. Coudilioa of gizzard ir 
tively? 

368. What are the" intestinal ciBca?" 

369. Structure and peculiarities of the lungs? 
S70. Structure and functions of the dr-saes? 

871. What is meant by a bone being " pneumatic ? " 
372. In what cases are the bones not pneumatic ? 

873. General structure of the heart and course of the oircalatlon in Birds ? 
374. What is "incubation," and why are Birds specially adapted for this 
process? 

876. Wiiat differences subsist in the condition of the young bird at birth ? 
376. What peculiarities distinguish the eye of Birds! 
317. What iathe"menibranamotitan3?" 

878. What pecuUarities distinguish the ear of Birds T 

879. What Birds have a rudimentary external ear? 

880. General characters of the Nalalores? Give eiamples. 

881. General characters of the OraRaloreff Give esampics. 
382. General characters of the Oarsores? 

385. Mention some of the more remarkable Cursorial Birds, and state 
BOmething as to their peouharities and geographical distribution. 

384. General characters of the .Busoree? 

386. Characters and examples of the Gallinaceous Birds? 

886, Characters and esaraples of the Columbaceous Birds? 

887. Mention an eitinot Columbaoeoua Bird. 
388. General characters of the Sc/ouoresf 
339. Leading families of the Scansorea? 

890. General characters of the /inessorra? 

891. Mention the four sections mto which the Insusnores arc divided, and 
slate the peculiariUes distinguishing these. 

892. Give oiamplea of each of these sections. 

393. General characters of the Baptttrm? 

394. Distinctions between Nocturnal and Diumal Birds of Prey ? 
396. Characters of the Saururte I 
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QUESTIONS 343 

39G. For what bird htts thia order been eBt;ibli9lied ? 
397. GeneroJ characters of the Mammaliai 
aaa. General strocture of the backbone? 

399. General number of cervical verlebrte? 

400. Distinction between "true" and "false" riba? 

401. General structure of limiia? 

402. What Mammals have no teeth ? 

403. What are the " mUk-teeth ? " 

404. Describe the general groups of teeth in a Mammal. 

405. What!alhe"diaphragmp" 

406. General structure of the heart and course of the circulation ? 

407. General atrnoture of the lungs * 
40S. What is the " corpus callosum ? " 

40S. What Mammals possess na eilernal ear? 

410. Mention some modifications of the integumentary appendages in 
Hammola. 

411. What Mammals are without hair when adult? 

412. What ara the Bmmmarj' glaniis? 

413. What ia (he "placenta?" 

414. General characters of the Monoirioaaia ? 

416. Mention the animals included in the Monolremaia, and state their 
geographical distribution. 

416. What are the " marsupial bones f " 

417. General cbaractera of the Mar^piatia? 

418. Geographical distribution of the Marsupials? 

419. Give examples of the Marsupide. 

420. General characters of the Edeniala ? 

421. Ge<^raphical distribution of the order? 

422. Leading groups of the Edmiala, and their distinguishing charao- 

423. General characters of the Sirenia? 

424. Eniating forma of the Brettia ? 

425. General characters of the Celaeea ? 

426. Give eiamplcs of the Whalebone Whales and Toothed Whales. 

427. Whatialhe"blowine"of a Whale? 

428. What characters distinguish the Dolphins? 
42B. Nature of the tuak of the Narwhal ? 

430. General characters of the TJngviaia? 

431. Divisions of Ut^pilala and their characters? 

432. Nature and position of the horns at SldTiocfros ? 

433. Charaotcrs and distribution of the Tapirs ? 

434. Characters, chief forms, and geographical distribution of the 

435. Characters and distribution of the Hippopotamus ? 

436. Characters of the &u/a^ LeadingfonnsF 

437. General characters of the Kuminants ? 

438. Structure of the stomach in Buminants? 

439. Characters and distribution of Camdidie? 

440. Characters and distiibution of 0«-lr^d(e/ 

441. Nature ofthehoma of Cerau/iB? 

442. Charactera and distribution of the Giraffe? 

443. Characters and leading forms of the Canicomut I 

444. General characters and distribution of the Hyracoiika f 

445. General characters and distribution of Froboscidea / 
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344 QUESTIONS. 

446. DistlnctioDB betneen the Indian utd Afiiean Elephants ? 

447. General charactera of the CandvoraS 

448. Sections into which the Camiiiora are divided, and the eharactera 
of these ? 

449. Characters of the Seals? 
45a. Dentition of the Walrus ? 

451. Characters of the Beara ? 

452. Other Plantigrade Carnivora? 

453. Characters and eiiamples of the Mrnldidcc! 

454. Examples of the Mdidie? 

455. Esamples of the Vwerridtel 

456. Characters and examples of the Canidtef 

457. Characters and distrihntioD of ffjvEnii/ie/ 
40S. Characters and dietribtttion of the Fotidje? 
439. General characters of the Eodentia ? 

480. Structure of the incisor teeth of Rodents ? 

461. Leading families of the Eodentia ! 

462, General characters of the Cheiroptera • 
468. What is the "patagium" of Eata f 

464. Sections of the Cli^irvplera, and their distribution 

465. General characters of the Inseclivora I 

466. Characters and examples of the Talpida? 

467. Characters and examples of the SoricidiB? 

468. Characters and examples of the &inafeida ! 

469. Other Insedhtora I 

470. Characters and diatiihntion of the Flymg-Lefflurs ? 

471. General characters of Hie Quadrumana f 

472. Characters and distribution of the SlTepsirhiTU) f 

473. Esainplea of ffij-epeirfo'na ? 

474. Characters and distribntion o^ Platgrkina! 

475. Examples of Platyrhine Monkeys? 

476. Charactera and distribution of CaiarM-nai 
411. General characters of the Baboons ? 

478. Charactera and examples of the Anthropoid ApesE 

479. General characters of the order Bimana f 
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Acom-gtiells. ISO, IS 



AnoaO. Sn. 
Alr-receptockB of Elrda. 281. 



Mcyimiiim 

AJUgMor, 2' 
AIpacmEO' 



Amaia, SO ; uacleas ot Si ; repiodncl 
Amtffbsa,Si 



Mioral characters o 



Ampkoras, SI4, 211 
Amp&ipoda, 13B. 
Avaeaa&tlni, 219. 
Anfllu^. 15. 
jlfkBIArtywZff, 110. 



iSS^'ia^iso.iie. 

AjiUiropoid ApcB, SIT. 

ApeiC 311^ SIT. 
AphaaiBtera, 166. 
Aphidet. VA. 155. 
Aphla-llun, 1S6, IST. 
Jpft7Yt(/ife, 124, 12C. 
Apidw^ \m. 

Aplacental Mimnutla. SSIt, 'S 
Aptera, 160. 
^pfej-^ BTI>, 3J1. 



Ircionmi, 812. 



dj-tts-oporfo, 119; general cliarii 
ArHculatit, 126. 
jlrKojfoc^io, 291, a»S. 



Miliary. aoi^rJ, and 



Jfixus, 29S. 
Ab8,298. 
Aataroidea^ fit 



es. 205 ; eeaeral diaractere of, W3 : haib- 
n of, m\ vertebral cotumn ot, 25 J ; besli 



fli sTEli oC 265; 1 
58; (li^ve wbI 



trcnlBlorf 
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:s^*^ 



KtSSSffiSS* 
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l(8,4fl,4S. 
815. 



yti of Insects, 11». 



Felidm, SW, 809. 

Keia-hug, IH. 

Faiirta,nB. 

Pinches. S!S. 

Fiimer-wbaleB, £95. 

FIsdoB, conUniious and dlscoatinv 

Flaairo^eB, iW. 

FtageOata (Ivfuaor-Uiy, 49, 

liless, 158. 

Fksb-fliee. ISfl. 

Pkiat, of Phj/mphoridir, 19. 

Ftiuilra, 4, ITO. 

FV-catobet, 976. 

t^yiDe-dtaafoD, a4fl. 

FlTtng-lomur, 815. 

nyinfr-B^ubrnl, 811- 

Pood <^ wiiiiiilB and ptanta, I^ 6. 

Fooa-TBCoofei, 47. 

Foot, of jfoKiMoo, lea. in, 131, If 

Foi>t->ws, 130. 

Foot-toberclee, 190. 

^nBR4»^eni,96.99,8(l; eeiwnil 
of 83; peendopodla eC ^ : shell 
flmUes 0% Sej distribution -A in 
in Urns, 81; preaenee o£ in w 
8T. 

Forest-Bies, li5B. 

Formica. 1«2. 

FormicUlie, 160. 

F<s-biils,ei8. 
FrInU-birdB, 96T. 

FrlngiDff.Teen, 89. 
Fnw, aSft aaa ; development oi; 2 
.MJea,969. 

Foimel, of C^enophora, 9i 
da, 168; of Jfoufifiu, I^ 199. 

Gid-Ilea. 1E9. 



G«ietle,30S. 

tf«i%rsa, IIB. 

|]HGbon,»lg. 

Glnfl^802. 

Ql^ard, of Insects, 143; of Einla, 90 

Glase-susks, £45. 

eioblgtriaa. 84, 86. 



Gont-BBcker, ST!. 

Oobiiilir. 919. 

Golden mole, 811. 

QoaiasUr, 101. 

Qonophorea, 63, M; mednsiform. 

Gonosome. 68, 

Gordiaeea, 109 ; chBmcteis at, 11 

GwamUdit. Bl, B9. 

OoriUt, Sie, 819. 

GraUaiore6,'^W!. 



GniBsaoppn^ 155, 

Grebe, m. 

GreenUnd Whale, 995. 

GresaHna, 98. 

Grtf/afirtldie, 97: reproducfion ol| 98. 

Grosbeak, £16. 

OrytUaa. 155. 
Giuo.978. 
Gnlllemat, 967. 
Gninea-Kwl. 9T9. 



GDlnet 



a-pig, 31 



11,115. 



Halteres (see fiahnci 
Hamster, 310. 311. 
Ifapalida, 316. 



HsHks, 977, 97 
Hectodotylus. 1 
Iledgehou, SI,"). 



Bemlvtera. 151, 
Hendlt-crabs, 131. 
Hemit, 963, 96S. 
Heteropoda.. 184. 
fliijipoSosai, 169. 

Bb^tMO, 191 : genen 

192. 
mraadinidie. 277. 



ibyGoogle 



IloiotJmroidea, 



Hudrida, 67. 

Ilydroida. BY, 65 ; ryprwlnoeon of, CS-6G. 

Hydroia Zooplijtes, M, 09. 

Hydn/phidjB^ 244. 

Ilydrosoma, fifi. 

Hydrotiieca, fiS, fiT. 

i^rowa,ctaractfrHoE52,BS: teramiolog)' 

ot BS,66; repreductlon o^ «2, «6; cUvtt- 

K>n9 oA BT. 
Uj/loba^ 818. 
/^m«vwwfe»'(t 160. 



lehtJi^opMhir-ii. 13a. 
leMhyopidda, SM. 

JeAtJtyosavrus, ^9. 

flyanthae, SJ. 

Impoiiraia (Foramir^fer'a). 
Indiviaiiil, defbltliin ot; 6ft^ 



general ehamderB ot 46 ; 



!^por<7, 297; gcneml characters o^i S13, 

iores, 265, 274. 

•-Itibrata^ general eliaractera ol, 15, 16, 



Labruin. 147. 

Labyrinthodontia, 226, 232. 
Laeerta, 245. 
iawMSifa, 237; emcml nhamclera ■ 



uir, LDo, 111; gflDenucuar- 
iheU ot lie ; resplralioa of. 



Lam^UlH'imClailia, lOG, 174: eaneral ehar- 

Mlar»of;m: si-'''"-'' -' 

ITS; habits oUS 

Lamprev, 216, 21 T. 

Lamp-shells. 161. 17' 

Lancelot, 197, 20S, 2C 

Lond-salamaDcleTB, 2 

lapwlog. 269. 
LflrtB,27«. 



eoparlBO 



L^kdiypta-a. 1A9. 

L^ridogirm, 212, 218, 216, 22S, 224. 

LtpidJKteutyWfi. 



LaeOaUda-lSe. 
Uce,103. 

lingual ^bboD (otMallus, 
Mn^nia, 174, 176. 
Llon.3l)e. 
liyer-fluko, 112. 
Lliards, 24S. 
Lobster, 129, 130. 
Lob-wom^ 124 126. 
Zffou^idt^ 1A5. 
Lophol>raacMi,22a. 
Lophapui^ 170. 
iop*<w*iH 272. 
LoHea,^4. 



Ipaoraarida-, charocters c1^ 73; dnvelop' 

moias ot si>-e^. «" ™P 

Lwntbrioidt^ 122. 
Zumftrtciffl, 12S. 

Macaque, ai7. 

Maefiipoiidm, 290. 

JfiiorasiseI{d£«, 314. 

Xacnira, 128. 

Msdreporitorm inborclo, of EcMrmg, 93; of 



; cli«ulatory Byslcin o£ 2^; 
etem ot i«5; ncryous BVBleni 
^umenlary Bjatem ot; SBG; 



oE 285; Tnl 
orders oC2B 
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VeMly NtudluB, 187-190, IBS, li 

I'ew&ry, aw. 

/•K(«n,180. 

Pedicellurlie, ot Eehinaa, 93; o 

ralipalpi. 141. 



ireidtc, 219. 
snlieidie, 272 

irennibfa/ibchiata (AmphlMs), 25 
■r/orata (Fgnaitiraferii). as. 



Perforata (Fi 
Perieaodacigi 
FeiroTtiyzOJt, ^i*. 
P0trmayrtymd<e, fllfl. 
^AoeofltoTM, 2»S. 
iVmioBWwraav 2«7. 
PhdIimgerB, 291- 
/■toJonir^cs. 142. 
./■Aoioflirfitai. 291. 
PTuaynffobrancftii, 21 
Pharynx (of A^cidioij: 
/»«aami(irofiJS, 290. 291 



M^soMo, 53, 72, 
rbyaiolcHy, 19. 



Pipida, 282. 

fi«ee«, 2M: general dmraclerg ot 

walea ot; m-. ^ ^ 

m: tsilot 21a 



1 qS, 207; 11 



20e ; tail o( 210 ; digeattve syaffim ot 21' 
resplratnrs syalem ot; 211 ; lieart of, 21' 
ewCm-bladder ci, 21S; nerrous system i 
213 ; repmdiiction ot 218 ; Drden i^ 21 

WBcental MBiBiDBto, 238, 2BJ. 
Pinnfigrada. 3(16, BOB. 



Podosomata, ', 
Podunt, 104. 



Polypflry, 66. 
rolypei«5- 

Polypidom, &^. 

Polvpltfl.R8. 

FoUplerwt, S20j221. 

/V)^(ft«;amfa (iVamiflyeraV 8S. 

Poiywa, 160, lei; eharactera oE 163-lTI. 

Forcupise, 28«. 

Pores, otSpongea, 41, 42, 

Porpoiee, m. 

POTtng:uese Usu-ul^wu-, 53, 12. 

I^rieSoe, 812. 

Ft^?boscld6a,H&'l-, diafKctcrs of, 3IK 
Proe6Uafiil(e, 26T. 
ftwcson, 808. 
Pmni-buck, 803. 
Proteus. 227, 228. 
Protcoa-iuitoiateiile, 30. 

J¥o<opft5/(B, 4. 
ProCoploHO, 3. 
7Vo(oBDa,i 15; ehnraptera ot 25-27; classi- 

Proventrlenlus of Birds. 2S0. 
PseuaohBTDBl Syatem, 121. 
Pseudo-liearts, iTG. 
rseudoiiaviwlU 26. 

PaeudouodlEt. ttt Protinioa.i1\ of SMsopf>- 
da. 28; of jlmaia, 30; olForantini/'era, 



Jtarm^sn, 2T2. 

PtenMaciytM, 2S1. 

Pteropidie, 318. 

Pleniioda, IM ; ohoracfers ot; 188. 

Pt/rovnt, 818. 

PtenuouHo, 2S7 ; chs»ct«rs of, 2S0. 

/Ws'ffo«'& 184. 

PTiUeldie, 159. 

Pntaionir)' aocs {^iVK/inMaX 140. 

Pufanonate Gasteropoda, 1S2, ISA. 



OuiwInMiHiJui, 287; characters of 815. 

Qnajrai- 298. 

QiiBll,272. 

EBbWt, 311. 

RaocooD, 808, 

Jtaaiata.BO. 

Radialioia, 29 : dutrscters ot 88, 39. 

B^269. 

SnUiiik, 209. 

Raptorea, 2Bfi ; charactorH ot 276. 
Raaorea. 265; ctisncten ot 271. 
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Tabanida, IK). 



Teimllea, KW, 1ST. 

Test, oT Foramtti^tra, M; or£i:AiRO(d«I, 



rAofoMfoiUa. 89, 40 



Thlck-tnee, MB. 
Thread-cella, 5S. 



Tils, 216. 
Toads, 2SO-232. 
ronpie. of GsBtt 

Tortoises^ 835, asa'asCMo"' """ 

Tmcheffi, 140, 149. 

Tree-frog, 2S0, 282, 

livmaiBda, 103; dunicteis ot; 11 

7Hol«MJ*aOT. 

IHoAiibi, 116. 

7M0on<w«ift(iZiH, £44. 

IHivfiiai. aw. 






Tube-fcrt of SSMniw, B9, 9S 



7H(«i,e29. 
7V<>fiWi(e,25 



Umbo, ne. 

UmbrsUs, of Zueemoi-Wii, IS, 80-SS. 

UnivalTa Sbelln, 167, 180, 182. 

Unffuiata, 28T ; oharsclen o^ 29fi. 

gw^rirHe, 276. 

Uratter, 101, 

Urodda, 220, 227, 

f^vfiife, £08. 

VnoBolea, of .imieSo, 31 ; of T'aronidMiHm, 

FooinicoJa, 48, *9. 

Vampire-bato, 818. 
ra™W*E, 216. 

Veil, of Bonopbores, H 6B; of nectocalyoea, 
71; of naked-eyed Jf*dM?<t, 7fi. 

Vcdub's Flower.hael^et 42. 
Yenua'a Girdlo, 94. 

Vertebra, Btrnctnrc of 197, 198. 
Virtebrata, 195; general claraeterB of, 196; 

skeleton of 197-201 ; dlgesllve Hjslem of 

201; blood of, Sfl2; respbstloD oE 208; 

nervons syatem ot 20* ; reprodnctlon ot 

2M ; dSvlEioiiB ot; 2D4, m, 
Teslcte, ooalraetUe, of Ilvtoioa, 26. 
VemiOa, 160. 
ripwTdffi,W4, 



Vulture, 278. 
Wah,80a 
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Appletons' StauiJafiJ Scientific Text-Boolis, 



L lo cultivate the Obsuvms 
183 pages. $100 
This little book has pmred a wondetful success, and is enghaticaUy a p n he 
n£ht direction. Although it has been issued but a short time, it has been dop ed 
use in the cities of Chicago, St Ijjuis. New York, Columbus, Nashville, M auk 
etc., etc., and in the Slates of Maryland, Illinfiis. and Arkansas. It is ta h p ily 
followed by the Sscond Book of Botany and six large and beautifuUy-colM d Bolan al 
Charts, aKer the plan of Henelow 



It Bateman, of Illinois, savs : "As a sample of the 
ii\g of the highest praise. In this respect I have seen nothing equal to it 
rale and mtelligenl young etMrvers of natural rtijects amTphenomena, and 



and eharacter of common-school in: 

" Newtok Batsman, Suf't PuhSc Imtracium." 



specially adapted 10 the Schodsof the United Stales, ismo. 311 
QuaolEeiibos'a Ifatural Philosophy. Revised Edition, 
most recent Diecoveties in the various Branches of Physics, sni 
Application of Scientific Principles in Every-day Life. Adapted 
^^diout Apparatus, and accompanied with Practical Ejtercises and 

Quackenhos's Philosophy hat long been a favorite Text, 
earnestly suggest a careful examination of its claims. W 
and the general acceptance of new theories respecting J 

Huxley and IToumans's Phyaioloey.. llie E 
Hygjene. A Text-Book for Educational Institudons. 
F. R. S., and Wn.Li*H Jav Youwaks, M. D. ismo. 

NioliolBon'a Text-Book of Geology. Well com 



Send, for Catalogues and further informafiDn, lo 

D. APPLETON & CO., 549 & 551 Broadway, N. Y. 
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D. APPLETOS & CO:S Pr7£LlCATI0MS. 

Cornell's Physical Geography: 

QUESTIONS, a: 



Physical Features of the United States. 

By S. S, CORNEIliIL.. 

1 vol. IaT|:« 4to. 101 pa|:M. 



The attention of teachers is particnlarly requested to thia new volume 
bj the Author of Cornell's popular Series of Geographies, in the belief 
that it will be found to embrace all that is valuable and interesting in 
this important branch of study, and to be, beyond competition, Me hesl 
text-book on Ike suhjecl. It ia do mere rehash of time-honored details, but 
has been drawn from original sources, and is on a level with the present 
advanced state of the science. Clearness, adaptation to the school-room, 
mductivcneas of arrangement, and the presentation of one thing at a 
tnne and every thing in its proper place — features which have contrib- 
nted BO largely to the success of the other Geographies of the Cornell 
fceries — arc among its striking characteristics. 

It 13 interesting to the learner. The dry statistical style usual in 
simihir test-books has been avoided, and the great wonders of Nature, 
always fascinating to the inquiring mind, are presented in the most strik- 
ing manner, so as to rivet the attention and impress the memory. 

The illustratjona are numerous and beautiful, and are used wherevei' 
it was thought they would help to elucidate the tert. Maps and diagrams 
have been hberally introduced. The maps are executed in the finest 
style of the art — carefully drawn, distinctly engraved, and tastefully col- 
ored according to the most approved style. Each map is accompanied 
with questions in great variety. 

The physical features of our own country receive particular attention 
m a closing chapter. The student is aided by a fine Physical Map of the 
United States, which (in addition to the features usually presented) shows 
the mean annual temperature of different parts of the countrj, the vege- 
table products of different sections, and their mineral resources, the rela- 
tive values of the precious metals produced in the several States being 
clearly represented to the eye by an ingenious plan. A Map of Alaska, 
on a comparatively large scale, ia also presented. 

It is believed that the above features, besides others which there is 
no space here to enumerate, cannot fail to recommend this work to all. 
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J). APPLETOS d: CO.'S PJIBLIOATIONS. 



Lockyer's Astronomy. 

AMEBIOAJf EDITION. 

" This is by tax the oleareat and beat manual of Astronomy we 

have ever seen, A ohUd may understand it— and yet 

it contains infortnation wMcli will be new to 

all who have not time to follow the 

latest discoveries." ~ New 

Torh Daily Timet. 

The opinion of tlie critic of the Times, given above, 
is that of all who have examined this sterling school- 
book, which is winning golden opinions everywhere. 
Out of hosts of letters, we have space for the following 
only :— 

"Lockjar's Elements of Astronomy la a work of rare escellonce. As a text-hool! fiir 
the nsa of bcIiooIb U is vnaiirpaesed by »ny -work on Unit sul^ect with whlcli I am ac- 
qnainted."— Peof. Jomi B. Haki^ Sato Normal School, Trentim, N. J. 

" 1 think it an exeelleDt work— woll <slcu]ated for cksa use by pnpllfl of aa a<3idemlo 
pade. The arrangement anil typogntpby are worthy of sspedal oommeniliitioo. It la 
B deriled eaccesa."— a. B. Howe, Bu^t. V JMsoJa, SAmfvtady, N. Y. 

"It la &e Ses* Bchool-book on Astronomy Uiatl ever save. Theapeclra of tks ami, 
Btara, and noboiffi, are -worth tlio price of the book. Tlie dlagrama aro esci^enl. J 
deem It auperinr to all other books on that sdencs willi whiel I am acquainted. Of 
course I Bhall use It."— W, H. Pur, A. JH, Princ IWmOAip Academy. 

" I have atamlned witli much aatlsfliction the admirable elementary ircatiBO on As- 
tronomy by Lockyer, It fomlshea the reader with the means of lesrnine In a short 

hsps, Tonmana'a Kew Clicnilstry) has appeared, witch ao sarily, yet thoroughly, pre- 
parea the reader for the suhsoquent atndy of that mighty aniiUary to modem aclenee— 
Epectrnm-anolyBlB. Moreover 11 prosenta, In a clear and Bucelnet style, the relations of 
tJie ™iiona parts of the stellar unlYeise, besides 1iidin;tlDg the k^a^ner Into that n^lecteii 
branch of Astronomy Itnown as Geography of tJie Heayena. Ita illustrations are genu- 
ine aida to the Mmprehenalon of the anbiect-iaatter."— Divm BniTHE, Supi. Xivg 
[N. Y.) City SchooU. 

"I have eiamhiea It with care, and find It admltiUy adapted tor use in Bohoois. II 
la BO pWnly written and eo fully illustrated as to render It specially suitod fbr beginners 
In the Bclenoa, and, at the same lime, profitable tor advanced fltudsnts,"- Pbof. C. Sta- 
LEi, (ftjon College. 

"It is a dear and beanliflU unfolding of a profound and fSsdnatlne' subject. It 
seema to me admirably adapted to the acadeouc grade of students. Not attempting to 
diaouas thoeo problems and theoiles of the science the which Buoh pupUa lave nelUier 

•ufllctently cmopleie, aid thoroughly modem."— Pbof. BaaDLKI, PriiiC. AUniny Frei 
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THE FIRST BOOK OF BOTANY 

Designed to cultivate the Obaerving Powers of ChildrBn. 
By ELIZA A. YOTJMANS. 
Price, $1. 
This book is Incontestabij Bnpeiior to all otLefaof its kind, In twoeaaen- 

Fmei. itiathe beat book tor all iegijiafrs ia botany, whatever their age, 
hecanee ttierndimeiitsof tliesubjenlare rednced lo ihoir nfraont aimpliflca- 
tion.andaU the study 19 upon plBnlBtheniflelvea. To study botany withoni 
stadying plants is a mockeiy of education, becanae it leads not to real 
unowlBdRe, but to sham knowledge. MiBs Tomnsus's book iuTolTes the 
■tndy of tbe plants Irom the heginniDR to the end; the book being only a 
guide (ud a help. 

Skcohd, thia First Bonk of Botany la tbe only school-book me hava, thai 

SroviOes eystematicalty (Or the cultivation of the observing pone ra of chil- 
ren. Itpnictiaes them in noticing, Beatcblng, comparinir, and reasoning, 
with reference to objects themaelves— the most important and neglected 
part ol our menial ciiltnre. In abort, tbe plan of tbla book combines the 
pTSCIlcsl acqnisilion of one of the moat ftecinatins and naefnl of the 
Mlencea, wia that kind of Intellectual training which It should be tbe hlgb- 

Fivm Prof. JoBN 8. HiKT, PrineijH^ qf the Ti-ealon Normal tii^wcl. 

This litUe hook aeema to me to snpply Ihe Tery thing needed in oni- 

courae of primary Inatmetion. I refer not lo the BtoSy of botany, bnt lo the 

meihofl of studying it here developed. We have here a fourth (nndamental 

branch of study, which shall afford a ayeteinatio trainingof the obaerviug 

n great and most Impertaut revolntlon in our whole system of education. 
Fnm l/u SaUon. 
We must award tbe nnpretending work of Miss Yonmans high praise. 
The anthorees has nnqueBtlonably Ibe trae conception of the doty of Iba 
teacher. Every eSbrt la made to keep the attention ol tlia Btndent npou His 
Direct to be Btodled, and bo wsU hai ahe auGeeBded tbat me niaj tehir my 
Uut the student can do nothing wlfli the book imle« hehaa tbespedineu 
^n hand. The nlao Is so Bim^ed as to bs suitable for a prltnaiy HChool, 
™* *■»*'* '""■'^od IB one which may apply to the college as well. We b-"-*'^"- 



bnt the method ib one which may apply to the college as wett. We beaitlljr 

recommend every teacher In any department of natnml BClence, who Is wise 

enough to doubt tbe perfection of bis methods, to look over this book. 

JiYWi Edwahq Shith, BupfrintatddU qf ifcftoo?, Syracme, N. Y. 

Miss Yonmans's Botany is the only work I bsvo ever seen that meets tbe 
wauta of our schools In the lower grades. I believe it will do more to turn 
the attention of instractora Into the proper channel for the education of 
chihlren than any tMng heretofore pablished. 
^^vWiProfWii. F, PHEtPB, Prtncfinrfqf M< JVbrmnJSMflo;, WiMma,Mlaa. 

lam delighted with thia little work. It givea ua a scientific plan fo ' " 



lieobaerring powenof theyoung. Sendn> 
Itter nsJnglt several weeka, Prof. Phelps thus cloaef 
ie book in the Winona B^pabUsan: 



Every class In tbe InatitnUoo is now devoting a rCRnlar portic-n of its 
timo. dally, to this study pursued In this pracUcai way. The results tbni 
br are highly Batlsntctoiy. B h<a awateaed a nem iniitreel j» siudi/ IhroagA- 
cut Su Bchoa. Many, who have heretofore been indlflhreni In their work, 
have taken hold with great zeal, and are pursuing this (hsciuating branch 
Willi ardor and eDthnsiaem. It is no uncommon speclacie to eee cbildrsn 
occupying: theli play-honra witb a bnnch of phmts, and, hook In hand, pur- 
■nine Oiis stndy aa a paatlme. This, surely, Is an unerring test of its value, 
as It u t&e h^est recommendHtion that could be given oiits BdaplatioD Ut 
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D. AI'l'LETON & CO:S PUBLIC ATIOIfS. 

CORNELL'S OUTLINE MAPS. 



Series of Outline Maps, 



The Sebie3 consists o» the iollowibo Maps ; 

THE ■WORLD, eiift 3S by 52 tQclias. Cotnpo^g Uio EaBlcm And 'WeBtora 

MemlspharH, DragrAma of Merldiana and ParaUek, Tro[«!e9 und Soirea, Ko^th- 

em and Santbem Hemlepborea, and H^ghta oF the Pilnclpa] Moimtalna. 
NOETH fiMBEICA. Sije, ST by 82 Inches. 

THE rraiTED STATES ASD 04H4DA. Siie, 82 by 62 Indiaa. 
EASTEEN AUD MIDDLE BTATKS. Biie, 31 by 82 IncJins. With enlarged 

pIsDB of tbe YidnldGS of Boston and NeiT York, 
eOTJTHEKS STATES. Size, 21 by 3S Inches. 
WESTERN STATES. Siio. 21 by 82 inohee. 
MEXICO, CEMTEiL AMEEICA, AKD WEST INDIES. Siio. 21 by 8! inchei. 

With enlarged plans of the Isthmus of Nloacngua and the Great AnUUea. 
SOUTH AMEKICA, Siie, 2T by E2 inches. 
EUROPE. Bte, 21 by 82 Incbea. 
BRITISH ISLANDS. Biie, 21 by 33 inches. 

CENTEAL. eODTHEEH, AND WESTERN EUEOPE. Stee, 21 by 82 Inchei. 
ASIA. Size, 21 by S2 inches. With enlat^al plans of Palestine and the Sandwich 

AJPEICA. Size, 27 by 82 inches. With enlarged plans of Egypt^ Liberta, and 
Cape Colony. 

Each Map ia substantially moantcd on clotli, and tlic set is ncatlj put 
up in a portibtio, and accompttDied irith a complete Key fot- tlie teaclier'9 

In ilicir production the most recent and reliable auihoriiy has been 
carefully consulted ; if close attention and an honest endeavor will accom- 
plish any thing, these Maps are accurate. The; are believed to be tbe 
only Series that includes separate Maps of the different sections of tbe 
Uuiou. B; an economical arrangement and judicious disposition of mat- 
ter, the space has been used to the greatest possible advanti^e. Everj 
thing is clear and pleasing \o the eye. The ei^raving and printing are 
bold and distinct. The coloring is neat and durable. They are printed 
on fine white paper, and strongly backed with musiin. The Key contains 
the pronunciation of all names employed in it. 
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